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Introduction 
If we would like to know how landscapes looked centuries ago, we can observe paintings, 
especially those since the seventeenth century, when landscapes became an independent genre 
in painting. For example, paintings of Esaias van de Velde or Jan van Goyen illustrate Dutch 
landscapes in the early 1600s.  For that matter, we only have paintings to show us historical 
landscapes, because they have changed dramatically and there are few things in current 
landscapes to remind us of what they looked like centuries ago (Antrop, 2004; Meeus, 1993; 
Nohl, 2001). Landscape as expressed by the painter shows the proximity of the observer to 
the observed environment. It shows the specific point of view selected and visualized by the 
observer. The observer and observed are intertwined, and the painting is a result of this 
interaction between observer and observed landscape. The painting shows us a landscape that 
does not necessarily represent a factual picture of reality, but more likely the artist’s personal 
ideas and feelings about the landscape. This depends on the purpose, interests, and painting 
skills of the painter. Landscape paintings are therefore valuable because they capture both 
physical landscape characteristics and personal interests.  
The challenges facing a landscape painter when executing a good landscape painting are 
comparable to the challenges for landscape policy makers when collecting useful 
representations of the real landscape.  There are, however, some significant differences. 
Instead of personal interests or feelings, policy makers need to assess the landscape based on 
general public perception. The public uses the landscape for multiple purposes and observes 
the landscape from many perspectives. Representations of landscapes should reflect the 
dynamic interaction between the public and their changing environment, rather than a static 
view from a single person. 
Representations of the real landscape are used by policy makers for protecting and for 
planning the future landscape. Spatial information about the physical environment is therefore 
needed because it is the main instrument for policy makers to steer landscape developments in 
a particular direction.  
Relationship between people and their environment 
Within environmental psychology, the relationship between people and their environment has 
been described as a continuing transactional process (Ittelson, 1973). Within this transactional 
process, humans are participants in the landscape, rather than outsiders. The relationship 
between people and their environment is complex because both humans and landscapes 
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change as a function of the transactions between them (Zube, 1987). This complex and 
dynamic character of people-environment relations can be illustrated by a brief historical 
account of how perceptions of nature and landscape have changed. 
In the Middle Ages, people were wholly dependent on the whimsical powers of nature, 
and fully awed by natural phenomena. People lived in small and static communities, and the 
world view of medieval humans was introvert and centralized (Aben and de Wit, 2001). Their 
living environment was a cultivated area which was physically and visually separated from 
the surrounding non-cultivated area. Medieval enclosed gardens illustrate the clear separation 
between cultivated and non-cultivated land. The only spatial connection between a space and 
its surroundings was a vertical imaginary line linking heaven and earth. Medieval paintings 
illustrate that ‘Goddess space’ and symbols were more important than physical space. 
Landscape elements were not spatially connected, but represented as symbolic relationships 
(Steenbergen, 1990). 
During the 15th century, awareness of the landscape changed. Whereas uncultivated 
nature was kept out of gardens in the Middle Ages, gardens of renaissance villas were 
connected with the surrounding landscape by providing views into uncultivated land. Nature 
was not only fear, chaos and danger, but part of civilization. This widening of the scenery 
resulted in the discovery of the landscape and of the horizon. The renaissance garden was no 
longer limited by an artificial wall, but limited by the natural horizon instead.  In renaissance 
paintings, objects in space were connected by perspective drawing with a foreground and 
background. Perspective-drawing experiments allowed the rationalization of observations. 
The optical separation between foreground and background was united in one spatial 
composition. Renaissance landscape paintings suggested not only spatial coherence, but also 
accessibility (Steenbergen, 1990). 
English landscape-style gardens, introduced in the 18th century, created scenes such as 
those composed in a landscape painting with foreground, middle ground, and background. In 
the 19th century, locomotion became more important and painting-like designs were replaced 
by panoramas, which have a continuity of the horizon and changing points of view.  
In the 19th century technological developments such as the introduction of the railroad, 
has made distant places accessible and travel through space reliable, which in turn 
transformed the structure of perception, creating a sort of mobile, panoramic mode of 
visibility. Contrary to the speed when travelling by foot or by horse, the speed of the train 
dissociated the perception of the foreground. In a train, the observer is cut off from the 
observer scene. The perception of spaces becomes more dynamic and distances are more 
easily bridged. Thus, the scale of the landscape becomes ‘geographized’ (Weiss, 1998). 
Geographic spaces are large spaces which cannot be perceived or experienced directly 
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(Freundschuh and Egenhofer, 1997). As a result, science has given the public descriptions of 
space and time that are abstract and metrical. These descriptions are useful in controlling 
nature and landscape and fits the process of social life (Sack, 1986). 
In summary, the relationship between people and their environment has changed over the 
last centuries, from one in which an observer has little interaction with his or her surroundings 
to a relationship of intensive interaction with the surroundings. As landscapes became more 
accessible, the locations of activities and functions became more disconnected from limiting 
physical circumstances. In addition, technological innovations have increased the rate of 
changes of the landscape, and science has made description of space more abstract and 
metrical. These developments have had significant effects on both people and environments. 
Landscape quality assessment 
Throughout the ages, people have not only changed their conceptions of landscape and nature, 
but also their conceptions of landscape quality and beauty. Christian philosophers such as 
Augustine and Bonaventure saw beauty as an expression of God, and thus inherent in the 
object. In the Middle Ages, teleology provided the dominant paradigm for explaining nature. 
Beauty found in nature was regarded as a physical expression of the order and harmony which 
God had established in the world. From the 18th century, the subjectivist paradigm emerged 
because the beauty intrinsic to the physical landscape was no longer considered as evidence of 
God as creator. Kant’s philosophy of aesthetics illustrates the shift from an objectivist to a 
subjectivist approach. Central to his philosophy was his finding that an object's character lay 
in the judging mind rather than in the object judged (Lothian, 1999).  
Objectivist and subjectivist paradigms emerge in the various approaches to assessing 
landscape quality (e.g. Daniel and Vining, 1983; Zube et al., 1982). Daniel and Vining (1983) 
distinguish five models for landscape quality assessment. Two of these fall within the 
objectivist paradigm: the ecological model and the formal-aesthetic model, and three within 
the subjectivist paradigm: the psychophysical model, the psychological model and the 
phenomenological model. The ecological model assumes that landscape quality is directly and 
uniquely related to naturalness or ecosystem integrity. According to the formal-aesthetic 
model, landscape quality resides in the formal properties of the landscape, which include 
basic forms, lines, colors, and textures and their interrelationships. These properties are 
considered inherent to the landscape and are assumed to transcend various landscape types as 
well as individual and cultural differences among landscape observers. The psychophysical 
model seeks to determine mathematical relationships between the physical characteristics of 
the landscape and the perceptual judgment of human observers. The psychological model 
General Introduction 
13 
defines landscape quality in terms of landscape characteristics as they are perceived and 
experienced by those who inhabit, visit, or view the landscape rather than in terms of 
objective environmental features. Finally, the phenomenological model regards landscape 
quality as an intimate encounter between a person and the environment. Because the person 
brings many things to this encounter, including environmental history, personal context, 
intentions and motivations, this encounter is rather idiosyncratic and cannot be generalized. 
Within philosophy and the social science there is consensus about the importance of 
taking a subjectivist approach (Daniel, 2001; Lothian, 1999). It is now generally 
acknowledged that landscape quality depends both on landscape features and perception of 
the human viewer, which emphasizes the interaction between people and their environment. 
Landscape quality assessments implemented into policy practice, however, are often based on 
the objectivist approach (Wascher, 2005).  
All models have advantages and disadvantages for landscape quality assessments, but the 
psychophysical approach is often preferred because this model has been developed explicitly 
as a measurement model (Daniel and Vining, 1983). It systematically relates perceived 
landscape quality to objective properties of the environment.  Although such a psychophysical 
model tends to show sensitivity, reliability, and precision, it is limited in its applicability. 
Psychophysical models are typically very specific and restricted to a particular landscape type 
and to a specific viewer population and perspective (Daniel and Vining, 1983). Furthermore, 
these models rely heavily on visual preference judgments that only partly reflect the human 
experience of landscape quality.  
Landscape policy making 
In Europe, landscape became part of policy making in the 19th century, with a focus on the 
designation of  wilderness reserves, public parks, and boulevards intended for the health and 
wellbeing of the population in growing industrial cities (Swaffield, 2005). However, the 
desire to preserve landscapes in the 19th century was mainly fueled by educated and 
influential minorities rather than by government (Whyte, 2002). During the 20th century, 
especially since the Second World War, the pace of landscape change has increased 
dramatically due to environmental developments in town planning, forestry, agriculture, and 
infrastructure, and it became apparent that more government control was needed. By the 
1960s, a new phase of landscape policy focused upon the effects of development upon scenic 
values (Zube, 1973). In Europe, changes in traditional agricultural landscapes particularly 
stimulated policies to protect and enhance the visual characteristics of rural landscapes.  The 
European Landscape Convention signed in 2000 acknowledged the need to protect the visual 
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landscape. The Convention uses the following definitions of ‘landscape’ and ‘landscape 
policy’: 
 
‘Landscape’ means an area, as perceived by people, whose character is the result of the 
action and interaction of natural and/or human factors; 
 
…Landscape is an important part of the quality of life for people everywhere: in urban 
areas and in the countryside, in degraded areas as well as in areas of high quality, in areas 
recognised as being of outstanding beauty as well as everyday areas;  
 
‘Landscape policy’ means an expression by the competent public authorities of general 
principles, strategies and guidelines that permit the taking of specific measures aimed at the 
protection, management and planning of landscape (Council of Europe, 2000). 
 
The definitions contained in the European Landscape Convention provide some important 
guidelines for the assessment of landscape quality. First, the definition of landscape illustrates 
that the active role of humans in the landscape is acknowledged and considered important. 
Consequently, peoples’ perceptions should be included in assessments of the visual 
landscape. Second, the concept of landscape must be interpreted in a broad manner; not only 
should assessments of landscape quality include natural or agricultural areas, but also urban 
areas. Third, the definition of landscape policy suggests that policies should not only aim at 
maintaining the status quo, but also at management and planning of landscapes. This implies 
that landscapes are regarded as dynamic and subject to change, and that quality cannot be 
safeguarded by not allowing any change. This may be related to a switch from aiming at 
unique and outstanding landscapes which are rather static, towards more dynamic, everyday 
landscapes. Finally, the definition of policy making underlines the need for tools to support 
decision making. To eventually protect or enhance landscape quality, policy makers need 
instruments that measure landscape features. Obtaining a record of landscape characteristics is 
a prerequisite for identifying the most important pressures that affect the quality of present 
landscapes.  
Because the visual landscape has only recently been included in policy making, methods 
to assess landscape qualities based on the visual landscapes are limited. Most of the methods 
are top-down-approaches that are typically objectivistic, expert-based and data-driven. Visual 
landscape indicators are less well developed than those of other landscape characteristics 
(Dramstad and Sogge, 2003). The selection of visual quality indicators is often based on data 
availability and scale rather than on the characteristics of people’s perception. The validity of 
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such approaches that use available data to model landscape perception is unclear (Wascher, 
2003). Therefore, there has been recent interest in developing visual indicators that more 
closely mimic the dynamics of human perception of landscapes (Germino et al., 2001; 
Gulinck et al., 1999; Palmer, 2004; Tveit, 2009; Weinstoerffer and Girardin, 2000).  
Landscape openness 
The visual landscape is important for people’s well-being and quality of life. Many landscape 
characteristics contribute to the visual landscape; in this thesis we will focus on one 
characteristic: landscape openness. But what is landscape openness? Is it a static feature? Is it 
inherent to the setting, or is it in the eye of the beholder? Is there consensus on the meaning of 
openness, and what makes openness an interesting phenomenon to observe and analyze?  
Openness captures important aspects of landscape perspectives. However, with every 
perspective the meaning of openness may change. An objectivist approach has been found in 
spatial planning, where openness has been related to the absence of the built-up area (Klijn et 
al., 1999; Koomen et al., 2008). In ecology, openness has been related to patch size (Fry et al., 
2009), and in landscape planning, openness has been related to types of land cover (Delbaere, 
2003; Fjellstad et al., 2002). In architecture, openness has been more subjectively interpreted, 
as the visual interaction between people and their environment. Openness has been related to 
the number of views into adjacent rooms and the rate of physical enclosure (Franz, 2005), as 
well as to the ratio of boundary-wall height to physical distance between the wall and the 
observer (Hayward and Franklin, 1974). In landscape perception research, it has been defined 
as the amount of space perceivable to the viewer (Kaplan et al., 1989), and it has been related 
to mystery (Lynch and Gimblett, 1992), coherence, and legibility (Herzog and Leverich, 
2003). An open landscape has also been described as a landscape with low vegetation 
allowing a clear view, as opposed to tall vegetation which obscures the view (Dramstad et al., 
2006). Spaciousness, or enclosure, is closely related to openness and has been spatially 
defined by the presence of landscape objects, such as trees and buildings (Palmer and 
Lankhorst, 1998). In addition, for spaciousness an element of depth perception is required 
(Anderson, 1979; Coeterier, 1994), and spatial delineation is needed for enclosure. Although 
they may influence the degree of openness, depth perception and spatial delineation are not 
defining characteristics of openness. Summarizing, there is no consensus on the meaning of 
openness. It has been defined and measured from both a subjectivist and an objectivist 
perspective.  
Landscape openness was found to be a predictor of landscape preferences in various 
studies. For example, Kaplan, Kaplan et al. (1989) compared four domains of predictors of 
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landscape preferences. They found that openness, which was rated by respondents based on 
photographs, was one of the most powerful predictors. Notably, in the study by Kaplan, 
Kaplan, et al. (1989) openness was found to be negatively related to landscape preference, 
whereas other studies have revealed positive relations between openness and landscape 
preference (e.g. Rogge et al., 2007) This ambiguity about the direction of the relationship 
between openness and preference may be explained by the prospect-refuge theory (Appleton, 
1988). According to this theory, people display a preference for certain configurations that 
combine enclosure and openness. Due to their evolution in the savannah, humans tend to 
prefer environments that offer various options for cover while at the same time allowing an 
overview of large spaces. Thus, a balance between open and enclosed landscapes appears to 
be preferred to either confined or exposed spaces (Buijs et al., 1999; Hagerhall, 2001; 
Strumse, 1994). Moreover, the ambiguity about the direction of the relationship between 
openness and preference may be explained by its dependence on context, such as landscape 
type and function. Coeterier (1996) gives an example from The Netherlands:  
 
‘In the agricultural landscapes in the north of The Netherlands, a large open space is 
valued positively; it gives an overview over the land. In those regions, farmers do not wish to 
have trees around the farm because it obstructs the view of their land. In the small-scale 
landscapes in the south, the same space would be valued negatively, because it would mean 
that vegetation has been removed. There, it is the absence of a quality, namely naturalness. A 
large space is emptiness, something (vegetation) is missing, whereas in the north it is the 
presence of a quality, namely large vistas.’ (Coeterier, 1996, p. 37) 
Geographic Information Systems 
Geographic information systems (GIS) provide a way of representing large amounts of data 
on landscape in a comprehensible format. As such, GIS enables the assessment and analysis 
of landscape quality in a scientifically sound, and practically useful manner (O’Shea, 2006). 
In particular, GIS provides the possibility of making the decision-making process more 
transparent, standardized, and replicable (O'Looney, 2000). In order to be useful for decision 
makers, GIS tools need to be flexible, easy to use, and adaptable (Geertman, 2002). Because 
of the tremendous growth in accessible and affordable geo-data, the role of GIS has increased 
within the decision-making process. 
In the past, applications of GIS were data-driven and focused on the physical 
environment, such as geology and land cover (Llobera, 1996). In recent decades, significant 
advances in computers and increasing access to high resolution geo-data have led to an 
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increasing deployment of GIS in assessing visual landscape variables using reproducible 
methods over wide areas. Some of the first examples of mapping visual qualities using a GIS 
are presented by Steinitz (1990) and Bishop and Hulse (1994). Mapping the environment 
based on people’s perception poses interesting challenges for geographical information 
science because it requires expertise in both GIS analyzing techniques and the psychology of 
how people experience landscapes (Brabyn, 2008). The ability of GIS to represent individual 
views of landscape introduces the opportunity to explore subjective and personal views within 
a spatial environment, potentially coupling the quantitative processing capabilities of GIS 
with a wide range of social and psychological methods (Aspinall, 2005). If perceptual factors 
are to be linked with spatial information, the development of new spatial tools that will 
accommodate human factors are necessary (Llobera, 2003).  
One way to link perceptual factors with spatial information is provided by the concept of 
the isovist, which has had a long history in architecture and geography, as well as 
mathematics. Tandy (1967) is generally acknowledged to be the originator of the term 
`isovist'. An isovist is the space visible from a given viewpoint with respect to an 
environment. A similar idea has been developed in the field of landscape architecture and 
planning, using the term `viewshed' (the objects visible from a given viewpoint). The appeal 
of the concept of an isovist is that it provides an intuitively attractive way of thinking about a 
spatial environment, because it describes the space `from inside', from the point of view of 
individuals, as they perceive, interact with, and move through the space (Turner et al., 2001). 
Benedikt (1979) has further developed the concept of isovists and introduced a set of 
analytical measurements of isovist properties. The possibilities of viewsheds and isovists have 
been investigated by many scientific studies for various purposes (Batty, 2001; Fisher, 1991, 
1996; Franz, 2005; Llobera, 2003; Stamps, 2005; Wiener and Franz, 2005).  
This thesis 
Current challenges 
Our rapidly changing landscape has urged policy makers to consider the visual quality of 
landscapes. Landscape policy makers have therefore a growing need for data and scientific 
knowledge to support the protection, management, and planning of the visual landscape 
(Antrop, 2004). Psychophysical models have often been preferred when modeling the visual 
landscape because it systematically relates perceived landscape quality to the objective 
properties of the environment. However, these models are typically restricted to a particular 
landscape type and to a specific population. The developments of GIS and high resolution 
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geo-data make it feasible to simulate the visual landscape in a more generic manner with the 
use of visibility techniques.  
For modeling the visual landscape, it is essential that peoples’ perception is simulated 
with these visibility techniques. Such a simulation based on high resolution geo-data and 
visibility techniques should therefore be tested for its correspondence with perception in the 
real world.  
Openness has been found to be a significant aspect of the visual landscape. Therefore 
policy makers need data on perceived landscape openness. The question is how to make the 
data accessible to policy makers. The context and perspectives of policy makers determine in 
what way the data should be provided.  
Objectives 
Improvements in measurement techniques, enabled by GIS, and the availability of highly 
detailed topographic data covering large areas enable assessments of landscape openness 
based on a high degree of realism, while making few concessions to generality and 
objectivity. The present research aimed to develop a procedure that takes full advantage of 
these improvements. The following objectives were formulated: 
 To develop a procedure to assess perceived landscape openness;  
 To validate isovist measurements for the prediction of perceived landscape openness; and 
 To evaluate the usefulness of the procedure for landscape policy makers. 
Outline 
Chapter 2 describes a step-by-step procedure that aims to ensure the quality of descriptions of 
perceived landscape openness while being flexible enough to produce descriptions suitable for 
various purposes. Geo-data and a Geographic Information System (GIS) are used to develop 
the procedure. Chapter 3 proposes three modes of landscape perception: view from a 
viewpoint, view from a road, and view of an area. These modes of perception are simulated 
with three sampling methods to calculate visibility measures. Chapter 4 tests the quality of 
isovist variables as predictors of perceived landscape openness. Three experiments were 
conducted to compare values of these variables with openness as it is perceived by observers 
in the field, with openness as it is perceived by observers from a 3-D-model, and with the 
visible space measured by a laser scanner in the field. Chapter 5 evaluates the usefulness of 
the GIS-based procedure for describing perceived landscape openness for policy-making. 
Chapter 6 is a synthesis of all previous chapters. The objectives are revisited, the contribution 
to various research topics is reflected upon and suggestions for further research are given.  
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Introduction 
The landscape is an important contributor to quality of life (Council of Europe, 2000). People 
identify with landscapes (Kaur et al., 2004) and landscapes contribute to a sense of place and 
wellbeing (Fry, 2002; Ulrich, 1979b). Both landscapes and people are dynamic and change 
over time; not only can the character of the landscape change, but also the preferences of 
people for certain landscapes. Changes in land use activities, such as agriculture, and in 
current spatial planning policies and practice accelerate the transformation of landscapes 
(Council of Europe, 2000) as many new elements are superimposed upon traditional 
landscapes, altering their visual appearance (Antrop, 2004; Nohl, 2001). These changes may 
have profound influences on people’s quality of life. The visual landscape should therefore be 
given explicit attention in landscape planning and policy making (Scott, 2003; Tress et al., 
2001).  
Landscape openness is an important characteristic of perceived landscapes and a measure 
of attractiveness (Coeterier, 1996; Tveit et al., 2006). It is defined as the amount of space 
perceivable to the viewer (Kaplan et al., 1989). Landscape openness is a feature of the visual 
landscape and vulnerable for landscape changes. Its importance is recognized by studies 
concerning various countries and landscape types (e.g. Coeterier, 1996; Tveit, 2009; Van 
Eetvelde and Antrop, 2009; Wascher, 2005). Monitoring the effect of landscape changes on 
openness is therefore essential for policy makers and planners. They need to answers 
questions like Where can we locate new urban development without decreasing the quality of 
openness in a National Landscape? and Which landscape elements should be added or 
removed to increase variation in openness along a scenic route? To answer such questions, 
descriptions of openness need to be related to quantitative spatial measurements.  
Geographic Information Systems (GIS) are increasingly used to describe spatial 
characteristics like landscape openness. For example, the 3q monitoring program in Norway 
(Dramstad et al., 2006) and BelevingsGIS in the Netherlands (Roos-Klein Lankhorst et al., 
2005) use GIS to describe visual landscape characteristics. Both studies describe 
characteristics by using variables which can be objectively obtained from topographic data, 
and are therefore generically applicable. However, this degree of realism is limited because 
only the physical phenomena of the landscape are described, without consideration of how 
people actually perceive the landscape. Other methods describe characteristics with a high 
degree of realism, but at the expense of the generality of the method. For example, 
LANDMAP (Scott, 2003), a landscape monitoring program from Wales, includes landscape 
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perception qualifications, but these personal qualifications are only applicable to a specific 
area.  
Current improvements in measurement techniques, enabled by GIS, and the availability of 
highly detailed topographic data covering large areas make it feasible to describe landscape 
openness with a higher degree of realism, while making few concessions to generality and 
objectivity. Procedures and methods used in previous studies to describe landscape 
characteristics like landscape openness for policy making and planning purposes do not take 
full advantage of these improvements. The objective of this paper is to develop and evaluate a 
procedure which takes advantage of these improvements, but also produces a sound 
description of landscape openness and meets the required standards for policy making and 
planning. 
Proposed Procedure 
The design of the following procedure is based on a literature study, conversations and 
experiments. A literature study was conducted to gain knowledge about landscape perception, 
landscape characteristics and how landscape policy makers and planners use visual landscape 
characteristics. We interviewed landscape researchers, policy makers and planners about their 
interests. The experiments were carried out to gain an understanding of how landscape 
openness is perceived in real world environments. Finally, we experimented with GIS tools to 
measure visible space.  
Figure 2.1. Aspects of landscape and space: terrain (A); landscape elements (B); possibly visible 
space (C); probably visible space (D). 
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Drawing on the results of these various research approaches, we identified four aspects of 
the landscape and visible space that are essential for the design of the proposed procedure. 
While many methods use a terrain model (Figure 2.1A) or landscape elements combined with 
the terrain model (Figure 2.1B) to describe visual landscape characteristics, we use space to 
describe landscape openness. Space and mass (terrain and landscape elements) are mutually 
exclusive (Laan, 1983), but the dividing line between mass and space is not unambiguous and 
depends partly on the characteristics of the observer (McCluskey, 1985). We therefore define 
space as the field of view of an observer at eye level. This definition is in line with the 
definition of landscape by the European Landscape Convention, in which the landscape is not 
defined by the physical environment (mass and/or space) as such, but as it is perceived by 
people (Council of Europe, 2000).  
The location of the observer can change the visible space because some vertical landscape 
elements can be space-dividing from one viewpoint, but overlooked from another point 
because of differences in terrain height. Figure 2.1C shows the possible visible space from 
one viewpoint, based on the terrain height, the landscape elements and the observer height.  
Besides the location and the eye level of the observer, other characteristics like the angle 
of view also determine the visible space. This probable visible space (Figure 2.1D) is related 
to the context and viewing characteristics of people during various activities. The limitations 
on the field of view may be different for each activity. 
To calculate visible space, Tandy introduced the concept of isovists (Tandy, 1967). This 
was further developed by Benedikt, who defines an isovist as the set of all points visible from 
a given viewpoint in space with respect to an environment (Benedikt, 1979). Using this 
concept of isovists the procedure consists of a set of five operations to describe landscape 
openness (see Table 2.1): 
 
1. Determine the locations of observer points by first selecting a road network on 
which the observer points can be located. Then chose a sampling strategy to locate 
the points. 
2. Define the physical space by creating a height model: select and merge a terrain 
dataset and a topographic dataset which cover the area for which landscape 
openness needs to be assessed. Extract contour lines from the height model for an 
observer point based on its offset height and eye level. 
3. Identify visual limitations as inputs for the field of view parameters. Information 
about visual limitations is based on knowledge about landscape openness in 
relation to the activity from which openness is perceived.  
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4. Compute the visible space within GIS by using the inputs from operations 1, 2 and 
3. The isovist represents the visible space. Repeat operations 2, 3 and 4 if multiple 
points are used in operation 1.  
5. Select and calculate variables to assess landscape openness in a format which is 
useful for landscape policy makers and planners.  
 
Table 2.1. The procedure is a series of five steps. 
Step Number Operation Result 
    
1 Select road network and apply 
sampling strategy 
Observer layer 
2 Merge terrain and topographic 
datasets and create contour lines 
Obstacle layer 
3  Identify visual limitations Field of view parameters 
4 Compute visible space Isovist 
5 Select and calculate variables Openness description 
 
The five steps are explained in more detail in the next five sections. 
Select Road Network and Apply Sampling Strategy 
The first step in the procedure is to model the interaction between people and their 
environment. The importance of this interaction is illustrated by the following statements 
about landscape characteristics. The prospect-refuge theory (Appleton, 1975) uses prospect to 
describe the degree to which the environment provides an overview to people. Germino et al. 
(2001) describe the degree of prospect as the depth and aerial extent of the view, which is in 
line with the description of space perception by Coeterier (1994). Kaplan et al. (1989) 
describe openness as the amount of space perceivable to the viewer. In our procedure, the 
viewer is modelled by the observer layer, which interacts with the obstacle layer (Figure 2.2). 
The observer layer represents the locations from which people may perceive the 
landscape. A sampling strategy is needed to create this observer layer. Since the majority of 
people perceive the landscape from a road, the first step is to select a road network (Figure 
2.2, step 1A). This road network may be part of the topographic dataset, but can also be 
selected from another dataset. The choice of road network depends on the purpose to which 
policy makers and planners intend to put the openness descriptions. Next, a mode of 
perception has to be defined. This can be either a static or dynamic mode of perception 
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(Weitkamp et al., 2007). We distinguish three main sampling strategies: individual point 
sampling, sequence points sampling and network point sampling.  
The first sampling strategy reflects perception of openness from individual locations, for 
example from a lookout (Figure 2.2, step 1B). This is a static mode of perception. These 
individual points can be predefined by policy makers and planners or randomly selected on 
the road network. 
The second sampling method reflects perception from a sequence of locations. (Figure 
2.2, step 1C). This is a dynamic mode of perception in which people perceive transitions and 
variations in landscape openness. The distance between the sequencing points can be regular 
or irregular. Predefined points are presumably irregular. If there are no predefined points, 
random points can be selected, but a regular distance between each point is probably most 
useful as this ensures that all the roads are equally covered. The chosen distance between the 
points may depend on the expected perceived intensity of changes of openness: the more 
complex the spatial configuration, the shorter the distance between points should be. The 
distance may also depend on people’s activity in the landscape. For a walking tourist the 
distance should be shorter than for a person driving to work by car. More measurement points 
are needed to detect the changes perceived by walking tourists because they will have more 
time to perceive changes and will probably be more focused on the visual landscape than 
drivers. Another consideration when choosing the distance between points is the number of 
points in relation to computing time.  
The third sampling method reflects perception from a network of roads (Figure 2.2, step 
1D). These points may be either a collection of individual points (first sampling method) or a 
collection of sequences of points (second sampling method). The total collection of points 
does not reflect the locations visited during one activity, but is a summary of multiple 
activities. This is in contrast with point sampling and sequence sampling, where there is a 
direct relationship between perception and locations of points. This sampling method may 
reflect a static perception of openness, using predefined or random sampling, or a dynamic 
perception of openness, using regular or irregular sequencing points. 
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Figure 2.2. Step by step procedure for measuring visibility. The numbers relate to the steps in Table 
2.1; the numbers and letters are explained in the main text. A black letter means that the sub-step is 
required; a red letter means that the sub-step is optional. A connected box means that the previous step 
is necessary to execute it; a non-connected box does not need a previous step to be executed. 
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Merge Terrain and Topographic Datasets and Create Contour Lines 
The second step in calculating the visible space is to define the physical space by merging a 
terrain dataset (Figure 2.2, step 2A) with a topographic dataset (Figure 2.2, step 2B). Both 
datasets need to include height values, and both datasets must be raster datasets. If one or both 
of the datasets is not in raster format, they must be converted into a raster dataset. A height 
model of both terrain and landscape elements is then obtained by merging the datasets, where 
each raster cell gets the value of the sum of the terrain height value and the landscape element 
height value. 
For each observer point defined in step 1, a contour line layer was created (Figure 2.2, 
step 1C). This contour line layer is the obstacle layer input for calculating the isovists (Figure 
2.2, step 4). The height value of the contour lines is the sum of the value of the height model 
at the location of the observer point and the eye level value.  
Identify Visual Limitations 
A person’s field of view depends on their mode of perception and activity. For example, the 
field of view of car drivers is much smaller than the field of view of pedestrians. This limited 
field of view has been termed the ‘useful visual field’ and has been shown to be smaller than 
the peripheral visual field (Ball et al., 1993; Caduff and Timpf, 2008). Visual limitations, like 
viewing angle and maximum line of sight, are inherent to human vision and have an effect on 
perceived landscape openness (Coeterier, 1994). We added these parameters to the model to 
increase the accuracy of the visibility measurements for describing landscape openness 
(Figure 2.2, step 3).  
The viewing angle depends on the activity of people in the landscape and so there are no 
universal values for this parameter. However, some threshold values can be distinguished. If 
angular movement is allowed, the maximum angle of view from a location is 360 degrees. 
Without movement of the head or eyes the maximum angle of view in the horizontal plane is 
about 210 degrees, with 120 degrees binocular overlap (Atchison and Smith, 2001). The 
useful visual field can have smaller values for the viewing angle, depending on the mode of 
perception. The viewing angle varies with activity, motion speed, and perhaps complexity of 
the landscape.  
The maximum line of sight is defined as the maximum distance at which space can be 
perceived. This parameter is limited by human vision as well as landscape elements that block 
the view. The maximum distance at which a person can distinguish between vertical 
landscape elements is about 1200 metres, depending on the type of landscape (Lynch, 1984; 
Van der Ham and Iding, 1971). The value for the maximum line of sight in the useful visual 
field may differ depending on the mode of perception. It varies according to the type of 
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activity, motion speed, and perhaps complexity of the landscape. Many studies relate 
threshold distances of the line of sight to the foreground, middleground and background, but 
with varying Euclidean distances (Baldwin et al., 1996; Bishop and Hulse, 1994; Smardon et 
al., 1986; US Forest Service, 1974; Van der Ham and Iding, 1971).  
Compute Visible Space 
In this research we use ArcGIS and Isovist Analyst to measure the visible space by calculating 
isovists (Rana, 2002). The software calculates isovist polygons from two input datasets: a 
point layer which represents locations of observer points (Figure 2.2, step 1) and an obstacles 
layer which represents the vertical landscape elements (Figure 2.2, step 2), Visual limitations 
are simulated by parameter values which limit the size of the isovists (Figure 2.2, step 3). 
The isovist polygons for each observer point are constructed by first calculating a number 
of radials, which are straight lines from the observer point to the first obstacle and therefore 
represents a line of sight. The radials are calculated every n degrees. The most appropriate 
increment value for the radials (Figure 2.2, step 4A) depends on the desired precision of the 
calculation and is also strongly correlated to computation time. For policy makers or planners 
computation time can be a constraint on using a procedure like the one proposed here (van der 
Horst, 2006). A low increment value results in high precision, but requires more time to 
compute. In some cases a high increment value may be justified, for example when policy 
makers need highly generic output results. 
Select and Calculate Variables 
The last step of the procedure is to derive variables from the isovist (Figure 2.2, step 5). This 
is an important step. It adapts the output data better to the phenomenon of landscape openness 
and turns the output data into a format suitable for landscape policy making and planning. 
The variables can be derived from three unit types. The smallest unit is a point; the 
variables are derived from one isovist. The next unit is a line; the variables are derived from 
sequencing isovists. The last unit is a network; the variables are derived from multiple 
isovists. Three types of (statistical) analysis are proposed to derive the variables from the 
output data: average, variation and prominence. The average analysis produces one general 
description of landscape openness for a unit. The variation analysis produces a description 
which reflects the variation in openness within a unit. The prominence analysis selects a 
specific line of sight, isovist or sequence of isovists within a unit which represents the 
character of landscape openness for that unit.  
The nine variables of visible space shown in Figure 2.3 illustrate the three types of 
statistical analysis for each of the three unit types. These are not exhaustive examples of the 
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possibilities, but rather illustrate the different options for representing openness (Figure 2.2, 
step 5A, B, C). Values for the nine variables are obtained from the following operations (the 
number refers to the variable number in Figure 2.3): 
 
1. Calculate the average of the radials for one observer point, which corresponds to 
the size of the isovist.  
2. Calculate the variation of radials which indicates the shape of the visible space. 
This can be done by calculating the range of values (maximum – minimum value), 
or by calculating the coefficient of variation.  
3. Identify a prominent radial, for example the longest radial which represents the 
longest line of sight. The radial is identified by the direction of the radial.  
4. Calculate the average of a sequence of isovists. This represents the openness from 
a road (segment).  
5. Calculate the variation of openness between sequencing observer points. We 
distinguish between global variation, which is the difference between the highest 
and the lowest value for the sequence, and local variation, which is the average 
difference between each neighbouring value of the sequence.  
6. Identify a prominent location, for example the observer point with the highest 
isovist size. The observer point is identified by the coordinates of the observer 
point.  
7. Calculate the average of road segments for a network. It is also possible to 
calculate the average of isovists, or the average of radials for a network.  
8. Calculate the variation in openness between road segments. This can be done by 
calculating the range of values (maximum – minimum value), or by calculating 
the coefficient of variation. 
9. Identify a prominent road segment within a network, for example the road 
segment with the highest average value for isovist size. It is also possible to 
identify a prominent observer point or a prominent radial within the network, each 
based either on average values or variation values.  
 
When choosing between the above operations, the meaning of the resulting variable 
values should be clearly related to the scientific and political interest in landscape openness. 
The next section presents a case study that illustrates the choice of variables and the 
application of the procedure.  
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Figure 2.3. Variables of visible space representing landscape openness. The rows in the 
matrix are the three unit types, the columns are the three types of statistical analysis. 
Case Study 
The procedure is applied to an area of 3 by 3 kilometres located in the Gelderse Vallei, the 
Netherlands, for two moments in time: 1991 and 2005 (Figure 2.4). The case study illustrates 
the flexibility of the procedure for different types of landscape openness and different policy 
making and planning purposes. Two types of landscape openness (scenic driveway and 
lookouts) and two policy and planning purposes (general characterization and detailed spatial 
description) have been selected to create four user scenarios.  
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I. Describe landscape openness perceived from a scenic driveway. The dynamic 
character of the perception of openness, and thus its variation, has to be 
emphasized. The description should present a general characterization of an area, 
which has to be easy to compare with other areas and moments in time. 
II. Describe landscape openness perceived from a scenic driveway. The dynamic 
character of the perception of openness, and thus its variation, has to be 
emphasized. The description should present an explicit spatial description of 
individual locations which allows analysis of the impact of changing landscape 
elements on the openness characteristics for these locations. 
III. Describe landscape openness perceived from lookouts along the road. Individual 
values for lookouts and their detailed characteristics have to be described. The 
description should present a general characterization of an area which has to be 
easy to compare with other areas and moments in time. 
IV. Describe landscape openness perceived from lookouts along the road. Individual 
values for lookouts and their detailed characteristics have to be described. The 
description should present an explicit spatial description of individual locations 
which allows analysis of the impact of changing landscape elements on the 
openness characteristics for these locations. 
 
The procedure for each of the four scenarios is summarized in Table 2.2. Each of the five 
steps in the procedure is explained in the following five paragraphs. 
Select Road Network and Apply Sampling Strategy 
For the road network we selected an area in the Gelderse Vallei, the Netherlands (Figure 2.4). 
For scenario I and II a scenic route was selected. No specific points on this route were 
predefined and so a sequence of point with a distance of 100 metres between each point was 
applied (Figure 2.5A). The intensity of the sampling related to perception of the landscape can 
be gauged from the fact that 100 metres is the distance travelled by a car in six seconds when 
driving 60 kilometres an hour, which is a likely speed on a scenic road.  
For scenario III and IV the complete paved road network for the study area was selected. 
Since there were no data available about lookouts in the area, we obtained a set of locations 
for lookouts by creating a point layer with a point every 30 metres along the roads and then 
randomly selecting 22 points, which is an average of one point per kilometre (Figure 2.5B).  
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case study area
1991 2005
0 1 20.5
Kilometres
0 1 20.5
Kilometres
0 80 16040
Kilometres
 
Figure 2.4. Height model of the case study area for 1991 and 2005, and the location of the case study 
area in the Netherlands. 
Figure 2.5. Selection of road network and point sampling for Scenario I and II (A), and complete road 
network and point sampling for Scenario III and IV (B). 
CHAPTER 2 
34 
Table 2.2. Steps in the procedure for each of the four scenarios.  
 
Procedure 
 
Scenario 
   
 
Step number and description 
 
I 
 
II 
 
III 
 
IV 
1A Select road network Scenic route Scenic route Road network Road network 
1B Locate individual point xxxx xxxx xxxx xxxx 
1C Locate points in 
sequence 
On scenic 
route; every 
100 metres 
On scenic 
route; every 
100 metres 
xxxx xxxx 
1D Locate points in network xxxx xxxx On road network; 
random, with 
average of 1 point 
per km 
On road network; 
random, with 
average of 1 point 
per km 
2A Select terrain model DEM: AHN DEM: AHN DEM: AHN DEM: AHN 
2B Select topographic 
dataset 
Dutch 
Top10vector 
Dutch 
Top10vector 
Dutch 
Top10vector 
Dutch Top10vector 
2C Create contour lines + 1.2 metres + 1.2 metres + 1.6 metres + 1.6 metres 
3A Identify viewing angle 120 degrees 120 degrees 360 degrees 360 degrees 
3B Identify maximum line 
of sight 
1200 metres 1200 metres 10,000 metres 10,000 metres 
4A Identify increment angle 
radials 
1 degree 1 degree 1 degree 1 degree 
4B Compute isovist Arcview - 
Isovist analyst 
Arcview - 
Isovist analyst 
Arcview - Isovist 
analyst 
Arcview - Isovist 
analyst 
5A Calculate average Average value 
for the isovist 
size of all 
points 
Value for the 
isovist size of 
each point 
Average value for 
the isovist size of 
all points 
Value for the isovist 
size of each point 
5B Calculate variation  Global 
variation 
Local and 
global 
variation 
Coefficient of 
variation 
Coefficient of 
variation 
5C Calculate prominence xxxx Maximum 
local variation 
xxxx Point with highest 
maximum line of 
sight and point with 
maximum value for 
isovist size.  
xxxx = step not applicable to the scenario 
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Merge Terrain and Topographic Datasets and Create Contour Lines 
For representing the terrain we selected the Actual Height model of the Netherlands (AHN) 
(Richardson, 2000), with a cell size of 5 metres, and for the topographic information we used 
the Top10vector (Van Buren et al., 2003). Both datasets are suitable for visibility calculations 
because they are easy to access for policy makers and planners, cover the whole of the 
Netherlands, and have a high level of detail. Before merging the two datasets, height values 
had to be assigned to each category of the Top10vector. For example, all buildings were 
assigned a height of 7 metres and all tree rows 15 metres. Next the Top10vector was 
converted to a raster dataset with a cell size of 1 metre, with height values assigned to each 
cell. The AHN was converted to a cell size of 1 metre. A height model of both terrain and 
landscape elements was then obtained by merging the two datasets. 
 The first digital Top10vector dataset is for 1991, and this first version was compared 
with the 2005 version for the study area (Figure 2.4). This shows that in 2005 there were more 
vertical landscape elements like tree rows and buildings in the study area, which is 
representative of changes in the landscape in the Netherlands since 1991 (Nieuwenhuizen and 
Lankhorst, 2007). The AHN is not available for multiple years, but it is expected that the 
terrain has not changed much in recent years. 
Scenario I and II describe landscape openness A as perceived from a car when driving a 
scenic route, for which an eye level of 1.2 metres was chosen. For scenario III and IV we 
assumed an average human eye level of 1.6 metres to describe openness from lookouts.  
Identify Visual Limitations 
The useful visual field determines the values for the viewing angle and the maximum line of 
sight for openness. The values used to define the useful visual field depend on the context.  
The perception of openness for scenario I and II is from a car: a fixed field of view in a 
changing environment. The useful visual field is reduced by the limited time available for 
perceiving the landscape from each location. The value for the viewing angle of the fixed 
view was therefore set to 120 degrees in the direction of movement, which is the binocular 
stereo overlap of the field of view for two eyes. The maximum line of sight was set to 1200 
metres. 
The perception of openness for scenario III and IV is from a lookout: a variable field of 
view within a fixed environment. The useful visual field is not decreased by a time limit for 
perceiving the landscape. In the Netherlands the maximal line of sight based on landscape 
elements is approximately 10 kilometres (excluding the views over large water bodies). 
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Therefore, the value for the viewing angle was set to 360 degrees and the maximum line of 
sight was set to 10 kilometres.  
Figure 2.6 shows the resulting isovist for Scenario I and II, and for Scenario III and IV 
with different parameter inputs for the field of view. The figure illustrates that the activity of a 
person may have a substantial influence on perceived openness.  
 
Figure 2.6. Parameter values for the field of view applied to one point for landscape openness in 
Scenario I and II (yellow area) and Scenario III and IV (yellow and orange area).  
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Compute Visible Space 
Isovist Analyst, an extension for Arcview, was used to calculate the isovists for the four 
scenarios. As the computation method is based on radials, the increment angle for the radials 
first had to be defined. The value of this angle reflects a balance between precision and 
computation time; increasing the increment angle reduces precision and speeds up 
computation. As just a few calculations were needed, we could afford an increment angle of 
one degree for each of the four scenarios. By way of illustration, if we had wanted equal 
computation times for Scenarios I and II, and III and IV, the increment angle for Scenario I 
and II would have been five times higher than for III and IV. 
Figure 2.7 contains graphic representations of the output from the isovist computations to 
illustrate the possibilities for visualizing the differences in perceived landscape openness 
between modes of perception and at different times.  
Figure 2.7. Output isovist calculations for openness in 1991 in Scenario I and II (A) and Scenario III 
and IV (C), and for openness in 2005 in Scenario I and II (B) and Scenario III and IV (D). 
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Select and Calculate Variables 
The purpose of Scenario I is to provide a general characterization of an area based on isovist 
calculations of a scenic driveway. This implies that very condensed information has to be 
used to describe landscape openness. First, an average value for the isovist size for the 
observer points was calculated. The results in Table 2.3 show that the mean value for the size 
of isovists in 2005 is almost 4 times lower than in 1991. Second, a value for the variation was 
calculated. This is important when characterizing landscape openness as perceived from a 
road. The results in Table 2.3 show that the global variation in 2005 is more than 4 times 
lower than in 1991.  
 
Table 2.3. Values of variables for openness in Scenario I and II (A) and in Scenario III and IV (B). 
Openness Variable Openness A 
(Scenario I & II) 
 Openness B 
(Scenario III & IV) 
 
 1991 2005 1991 2005 
Mean size (m2) 113,250 29,635 582,004 230,444 
Standard Deviation 119,183 29,034 363,802 237,048 
Coefficient of Variance    0.63 1.03 
Maximum Size (m2) 446,994 98,146 1,273,547 774,938 
Local Variation (m2) 58,172 22,024   
Global Variation (m2) 439,093 98,146   
Maximum Local Variation (m2) 393,041 73,232   
Maximum Line of Sight (m)      2953 2522 
 
 
The purpose of Scenario II is to provide a detailed description of landscape openness as 
perceived from a scenic driveway. This implies that detailed information in needed about the 
visible space for each location to describe landscape openness. Besides the information 
provided for Scenario I, the isovist size for each point was plotted on a graph (Figure 2.8). 
The x-axis shows the distance along the route in metres from a starting point west of the study 
area (see also Figure 2.7 A and B). The y-axis shows the size of the visible space (in m2). 
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From this graph it is clear that the major changes between 1991 and 2005 can be found in the 
first 1000 metres of the route. Table 2.3 shows that the average local variation in 1991 is 2.6 
times higher than in 2005 and that the maximum local variation in 1991 is 5.5 times higher 
than in 2005. Figure 2.9 shows that the location and the value of the most prominent location, 
where the variation in openness is at a maximum, are different in 1991 (A) and 2005 (B).  
 
 
Figure 2.8. Openness in Scenario I and II in 1991 and 2005. The x-axis shows the distance from the 
first observer point (distance between each point is 100 metres); the y-axis shows the isovist size value 
(m2). 
The purpose of Scenario III is to provide a general characterization of an area based on 
isovist calculations of individual lookouts. First, an average value of the isovist size for the 
observer points was calculated. For 1991, the mean value is 582,004 m2, with a standard 
deviation of 363,802. For 2005, the mean value is 230,444 m2 with a standard deviation of 
237,048. The coefficient of variation shows a much lower value for 1991 than for 2005. For 
scenario III, the numbers show a decrease in openness and an increase in variation, which was 
not the case for the openness in Scenario I and II. 
The purpose of Scenario IV is to provide a detailed description of landscape openness as 
perceived from individual lookouts. Besides the information provided for scenario III, the 
isovist size for each point was plotted on a bar chart (Figure 2.10). The x-axis shows the 
observer point number and the y-axis shows the size of the visible space (in m2). This chart 
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Figure 2.9. Maximum local variation for openness in Scenario I and II in 1991 (A) and in 2005 (B). 
 shows that the major relative changes between 1991 and 2005 took place at points 3, 4, 5, 6 
and 12. Point 4 has almost the highest value in 1991 and almost the lowest in 2005. Figure 
2.11 shows that the locations with the maximum isovist size and the maximum line of sight 
are different in 1991 and 2005, but in both years the locations are close together. Table 2.3 
shows that both the maximum size and the maximum line of sight have a higher value in 1991 
than in 2005.  
Figure 2.10. Openness in Scenario III and IV in 1991 and 2005. The x-axis shows the observer point 
number; the y-axis shows the isovist size value. 
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Figure 2.11. Maximum size (green isovist) and maximum line of sight (orange isovist and line) for 
openness in 1991 (A) and 2005 (B) in Scenario III and IV. 
Evaluation and Discussion 
The proposed procedure is designed to assess landscape openness in a way that meets the 
requirements for a good description of landscape openness as well as a generic procedure for 
landscape policy making and planning. In this section we discuss and evaluate the procedure 
against four criteria.  
The first criterion is realism: accurate descriptions of what reality is like (Godfrey-Smith, 
2003). Realism is a reflection of the relation between landscape openness and the measured 
visible space. The second criterion is precision: the level of detail in the measurement (Ervin 
and Hasbrouck, 2001). Precision can be related to realism because increasing precision may 
increase accuracy, but not the other way around. The third criterion is generality: the degree 
to which the procedure can be applied to every local situation. Realism and generality are 
related. Measurements which are more realistic tend to be less generally applicable. Levins 
(1966) argues that two of the three criteria of realism, generality and precision may be met at 
the optimum level, but one has to be sacrificed to achieve this. The most flexible model is one 
in which precision is sacrificed for optimal generality and realism. The fourth criterion is 
sensitivity: the degree to which varying the inputs effects the output. 
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Realism 
Kaplan et al. (1989) describe openness as the amount of space perceivable to the viewer, 
which illustrates the importance of the interaction between people and their environment 
when describing openness. The proposed procedure in this paper includes this interaction 
when calculating the visible space.  
To calculating visible space, landscape elements from the Top10vector are laid over the 
terrain model. The Top10vector presents landscape elements with a high level of detail and is 
therefore suited to calculate the visible space for individual points. However, some small 
landscape elements which are not present in the Top10vector (Mücher et al., 2003) can have a 
substantial impact on the scenery (Ervin and Steinitz, 2003; Mücher et al., 2003). We do not 
know the extent of this impact on landscape openness because we did not study the specific 
impact of missing small landscape elements on landscape openness. Another issue is the lack 
of height values for each landscape element. The current values are estimates for each 
category. Actual height values for each landscape elements would increase realism.  
Another issue with the Top10vector is that it does not include the transparency 
characteristics of vertical landscape elements. For example, tree rows are presented as solid 
lines, but in reality they are transparent to some degree. This depends on the type of tree, the 
distance to the tree and seasonal changes (Schouw et al., 1981). 
Although landscape elements like trees and houses are the most important inputs for 
calculating visible space in most Dutch landscapes, the degree to which these elements block 
the view is related to the terrain height. The inclusion of terrain height values therefore makes 
the procedure more realistic. A well-known method for calculating the visible landscape with 
the inclusion of terrain height is viewshed calculation (e.g. Miller and Law, 1997). However, 
the viewshed does not calculate space, but visible landscape elements and/or terrain. Since the 
primary aim of this procedure is to calculate visible space and not visible mass, we did not use 
the viewshed method.  
The degree of realism in describing landscape openness is increased by field-of-view 
parameters, which are related to human activity. The values for these parameters – viewing 
angle and maximum line of sight – are therefore not universal, but depend on the situation. 
We therefore suggest defining these values for each individual case.  
Although human characteristics are included to calculate the probable visible space, there 
is still a gap between visible space and seen space (Ervin and Steinitz, 2003). Factors like 
cultural background, history and personal interests partly determine what people actually see, 
and these are not included in the procedure. 
The last step of the procedure can change the level of realism. The condensed values for 
openness, like average values, can reduce the level of realism, while some statistics may 
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emphasize important aspects of landscape openness, which increases realism. More research 
based on field experiments is needed to address these kinds of issues.  
In summary, the level of realism seems to be sufficient for describing the openness of 
Dutch landscapes, but some improvements can be made. However, the realism of condensed 
information for policy makers and planners is not known yet. 
Precision 
The use of vector data and GIS tools can produce very precise results. The observer layer and 
obstacle layer can contain coordinate values and size values, which are more precise than 
would be visible with the human eye. Landscape openness is perceived by the human eye, and 
it is therefore not relevant to compute areas or angles with very high precision (Ervin and 
Steinitz, 2003). The calculation of the visible space with radials is not very precise, especially 
for spaces with long distances, but this is not expected to be problematic because human 
perception over long distances is also not very precise. The minimum required increment 
angle for the radials is not exactly known. Experimental results indicate that an increment 
angle of more than 5 degrees results in missing essential lines of sights within an isovist. The 
sensitivity analyses, discussed later in this paper, show the effect of changing the increment 
angle.  
In summary, the level of precision is satisfactory for the description of landscape 
openness.  
Generality 
The method of using a terrain model and adding the heights of landscape elements to calculate 
the visible space can be applied from the local to the international level, and to all landscape 
types. However, differences in realism and precision between for example the Dutch datasets 
used and datasets of other countries make it difficult to compare output values. This is a 
general problem: highly accurate topographic datasets do not cover large areas such as 
multiple countries or the whole of Europe (Wascher, 2005).  
A road network is used to select the locations of observer points. Although a road 
network is expected to be applicable for most situations, if landscape openness is not 
perceived from a road other sampling techniques like a regular grid can be used (Weitkamp et 
al., 2007). The parameters which are used to simulate various modes of perception and visual 
limitations are applicable to every activity and situation and therefore considered to be highly 
generic. 
The output variables are not restricted to representing only landscape openness, but can 
also represent other related spatial landscape characteristics, such as spaciousness (Stamps 
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and Krishnan, 2006) and complexity (Stamps, 2004; Wiener and Franz, 2005). The output 
variables do not provide three-dimensional data, which could be a requirement for very small 
spaces like buildings. Recent methodological developments allow inclusion of the third 
dimension in measuring isovists (Culagovski, 2007).  
To summarize, the procedure is generally applicable, although the input of terrain models 
and topographic datasets with distinct realism and precision can cause problems for its 
generality.  
Sensitivity  
The procedure was extensively analysed to determine its sensitivity. Sensitivity analyses 
require many calculations. Since the procedure that includes the terrain height has not yet 
been automated, the sensitivity measurements were calculated without including terrain data. 
For the Netherlands, which is relatively flat, the terrain was not expected to have large impact 
on the sensitivity values. In the context of this paper some main findings are presented and 
discussed. We did a number of tests of some of the parameters under discussion and refer to 
these tests in this section.  
First, some parameter values in the procedure are related to a specific mode of perception. 
For example, values for a person who perceives the landscape from a lookout will be different 
from those for a person who is driving a car. These parameters – the eye-level, the maximum 
line of sight and the viewing angle – are therefore expected to affect the output values, such as 
the size of the isovist. The sensitivity of the eye-level value with respect to isovist size is not 
expected to be high, as can be derived from the results of the case study. The difference 
between 1.2 metres and 1.6 metres is small compared to the range of height values for the 
terrain and the vertical landscape elements. For the perception of small spaces – urban and 
architectural – the relation between eye level and the height of vertical elements does play a 
significant role for perception (Franz, 2005). For large non-urban spaces the effect is expected 
to be lower, but is not exactly known. The correlation between the maximum line of sight and 
the isovist size depends on the spatial configuration of the vertical landscape elements. For 
very open landscapes, increasing the maximum line of sight will have a high impact on isovist 
values, while for enclosed landscapes the impact will be low. For the Netherlands in general, 
the isovist size has a positive linear correlation with the maximum line of sight of 
approximately 3000 metres. The results of a test with 100 random observer points in the 
Netherlands indicate that for higher values the increase in the size of the isovist size falls to 
zero when the highest maximum line of sight value is 10,000 metres. Based on theory as well 
as experiments, many critical values of a maximum line of sight are proposed, sometimes 
differentiated for the foreground, middleground and background (e.g. Vroom, 1986). These 
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variations in the values for the maximum line of sight illustrate their sensitivity to local 
circumstances, which has to be taken into account when determining the maximum line of 
sight. The correlation between the viewing angle and the average isovist size is almost 
perfectly linear (r = 0.996) for 100 random observer points in the Netherlands. However, this 
does not apply to individual observer points. Moreover, not only the viewing angle but also 
the direction of view may change the output values significantly. In general, for individual 
points there are no universal directives on which values to use for the parameters. 
Second, values for the distance between points in a sequence may be related to a specific 
mode of perception or to computation time. In the first relation, the output must be sensitive; 
in the latter, the output must be robust. We calculated the isovist size for three road segments 
of 1000 metres. One road segment was located in an open area, one in an enclosed area and 
one in a half-open area. We calculated the isovist size for observer points with a distance of 1, 
3, 10, 30, 100 and 300 metres between each sequencing point. The average, variation and 
prominence values remained fairly constant (differences < 10%) for 1, 3, 10 and 30 metres. 
Isovist values are apparently not very sensitive to the distance between sequencing points. To 
decrease computation time, high values for the distance between observer points are justified 
in this case.  
Third, values for the increment angle for radials of an isovist are related to computation 
time. Decreasing the increment angle from 2 degrees to 1 degree results in a doubling of 
computation time. To justify high values for the increment angle, the effect on the isovist 
values needs to be studied. We calculated the isovist size for 100 random points with 
increment values from 1 to 180 degrees. There was a negative linear correlation (r = –0.98): 
increasing the increment angle decreased the isovist size. The size of the isovist for a 1 degree 
increment angle was half the size of the isovist for a 60 degrees increment angle. The average 
radial, which is highly correlated with isovist size if low increment angles are used, showed a 
different behaviour: all values were between 237 and 260 metres. The average radial value is 
apparently a better variable for assessing landscape openness if high increment angles are 
used, because it is less sensitive to an increasing increment angle value. 
In summary, small changes in parameter values related to the realism of landscape 
openness have an effect on output values of openness. Changes in parameter values related to 
precision and computation time changed the value of the isovist size. Using the average radial 
values instead of isovist size generated more robust results. However, the sensitivity of these 
parameter values related to sensitivity in real world cases, like perception studies in the field, 
is not known yet.  
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Conclusions 
The impact of landscape changes on landscape openness is of interest to policy makers and 
planners at several levels. The proposed procedure for measuring the visible space to assess 
landscape openness meets the requirements of policy makers and planners, while retaining a 
high degree of realism with respect to the phenomenon of landscape openness.  
The level of realism is sufficient for describing the openness of landscapes if high 
resolution topographic data are used. The level of realism of condensed information required 
by policy makers and planners is however not yet known. The level of precision seems to be 
satisfactory for describing landscape openness. The procedure is general applicable at all 
levels and landscape types, but comparing areas for which different topographic datasets have 
to be used might cause problems of differences in realism and precision. The procedure is 
sensitive for parameter values related to the realism of landscape openness and robust for 
parameter values related to the precision of the measurements if the values of average radials 
are used instead of isovist size. The question of how the sensitivity of these parameter values 
relate to sensitivity in real world cases remains unanswered.  
The balance between a high degree of realism and a high degree of generality ensures a 
procedure which is flexible and can be used for a wide range of purposes by policy makers 
and planners at various levels. Topics for further research are the detailed investigation of the 
quality of the openness description in relation to real landscape openness, and the suitability 
of the description for policy makers and planners. 
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Introduction 
The concept of landscape more closely matches the way people think about the natural world 
than the abstract notions of nature and biodiversity (Buijs et al., 2006). People identify 
themselves with landscapes (Nohl, 2001). The appearance of the landscape is important to 
people, which is why it is important for policy makers and planners to take the human 
perception of landscape into account when developing and protecting the landscape. Visual 
perception of both the urban and non-urban landscape is used in numerous studies to describe 
landscape characteristics (Granö, 1997; Higuchi, 1983; Kaplan et al., 1972; Tuan, 1974; Zube, 
1987). Unfortunately, landscape perception is poorly implemented in landscape policies and 
spatial planning. One important reason why landscape perception is not a common criterion in 
environmental decision making is the lack of well-validated geo-referenced models that 
connect spatial landscape characteristics to perception values.  
Currently, there are two main approaches to describing the spatial characteristics of 
landscape perception. A common approach is a perception-driven approach where perceived 
landscape characteristics are derived from people’s self-reported judgments of photographs or 
field settings (Van den Berg, 1999). Although this approach generates direct information 
about landscape perception, the lack of geo-referenced spatial information makes it difficult to 
use the findings of these studies in decision-making on interventions in the physical 
landscape. Another approach is the object-driven approach in which expert judgments are 
used to derive perception values from data about the physical landscape, such as land cover 
data, which provide spatial information about the landscape (Brabyn, 2005). This is, however, 
not a valid method since land cover data do not provide information about how people 
perceive the landscape.  
Visibility measures may provide a good method for bridging the gap between these two 
approaches to describing spatial characteristics of landscape perception (Bishop, 2003; Miller, 
2000; Smardon et al., 1986). This method measures characteristics of the visible space and is 
based on Gibson’s notion of direct perception, which regards perception as a direct result of 
the affordances provided by the physical environment (Gibson, 1979). Drawing on Gibson’s 
theory, Thiel describes spatial experience as an inherited biological function derived from the 
ecological relationship between humans and the environment (Thiel, 1961).  
Several methods are available to calculate visibility measures. One method is called 
viewshed analysis, in which visibility is calculated using a terrain model. The work of De 
Floriani and Magillo (2003) and Llobera (2003) are examples of the use of viewshed analysis. 
A similar method, which is used in this study, is isovist analysis. In this method, calculations 
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are based on vertical landscape elements, which are of interest of spatial planners because 
they are a useful instrument for monitoring and changing the landscape openness.  
The concept of isovists was introduced by Tandy (1967) and further developed by 
Benedikt (1979). The isovist technique describes and analyses visible space. Benedikt defines 
an isovist as the set of all points visible from a given viewpoint in space with respect to an 
environment (Benedikt, 1979). The development of powerful analytic GIS tools has led to 
great advances in measuring the visible space. Increasing computing power and the 
availability of high resolution topographic data open up opportunities to enhance visibility 
analyses.  
One advantage of visibility analyses is the ability to calculate the visibility of a large area 
from many points of view. Many sampling methods are available for locating suitable 
viewpoints, the most appropriate method depending on how people are expected to perceive 
the landscape in any given case. For example, a landscape will be perceived differently when 
viewed from one or two viewpoints (e.g. a bench) than if viewed from a vehicle travelling 
along a road, with a sequence of viewpoints. Policy makers and planners require different 
sampling methods depending on the task at hand, e.g. planning a road for recreational 
purposes or preserving the open character of an area.  
In general, we can distinguish three modes of landscape perception: views from a single 
viewpoint, views from a route, and views of an area (Dijkstra, 1991). These modes of 
perception correspond with the spatial descriptors for constructing an image of a city as 
defined by Lynch (Dalton and Bafna, 2003; Lynch, 1960): nodes, paths and districts. 
Moreover, the three modes are closely related to the relative scale of the landscape compared 
to the human body (Freundschuh and Egenhofer, 1997; Montello, 1993): vista spaces are 
comprehensible from a single viewpoint; environmental spaces can only be viewed by 
moving through them (locomotion); geographical spaces are too large to comprehend through 
locomotion and need to be learned by symbolic representation, such as the use of maps 
(Montello, 1993).  
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The scale of the landscape relative to the human body is related to the type of perception 
required to comprehend the landscape, and therefore characterize the landscape as a whole. 
Both how people perceive the landscape and what they perceive (the relative scale of the 
landscape) determine the choice of sampling method for locating the viewpoints. Three 
sampling methods are proposed which simulate the three modes of perception. We investigate 
the possibilities and limitations of the three sampling methods by analysing the results of the 
visibility calculations for two areas. We compare the specific results of each sampling method 
for the two areas and compare the mean value characteristics for these areas. The results of 
the three sampling methods for the present situation are then compared with the results 
obtained for a proposed future situation of one area. 
 
Figure 3.1. Locations of study areas within national landscape the Achterhoek. 
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Materials and Methods 
Study Area 
The two study areas are located in the Achterhoek, one of the twenty national landscapes of 
the Netherlands (Figure.3.1). These national landscapes have a number of scenic core 
qualities, including landscape openness. The openness of the Achterhoek is classified as 
‘small-scale openness’ (Ministerie van VROM, 2004). ‘Small-scale’ refers to open spaces 
which are closer in scale to the size of the human body than the sizes of large-scale spaces 
(Kuipers, 1978). The geomorphology of the Achterhoek is diverse and visible in the spatial 
configuration of landscape elements. This geomorphologic diversity was used to select the 
two study areas for comparing visibility measures of openness. The first area is located to the 
south-east of the city of Winterswijk (area A) and is characterized by creek dell soils and 
cover-sand ridges. The second area is located to the west of Winterswijk (area B) and is 
characterized by a plateau-like terrace influenced by land ice. Area A is visually dominated by 
patches of forest, while area B is visually dominated by tree rows.  
Data 
Landscape openness in the Netherlands is primarily defined by vertical landscape elements 
because the lack of relief (Palmer and Lankhorst, 1998). Vertical landscape elements are 
space dividers and easy to control (Simonds, 1998). For spatial planners, vertical elements are 
a useful instrument for monitoring and changing the landscape openness. High resolution 
topographic maps provide information about these elements and are therefore a suitable 
starting point to analyse landscape perception. However, we do not want to describe the 
perception of elements, but the perception of space. Although classes such as ‘space’ do not 
occur in topographic maps, by knowing where the vertical elements are located one can 
analyse the perception of space using topographic maps because vertical elements and spaces 
are mutually exclusive (Laan, 1983). This is valid for landscapes where the terrain does not 
make a substantial contribution to shaping the space, as in the landscapes of the Netherlands 
(Palmer and Lankhorst, 1998). 
The base dataset for performing visibility analyses is TOP10vector, a Dutch high 
resolution topographic dataset. This needs pre-processing to calculate the visibility measures. 
Since only the vertical elements above eye level, which is fixed at 1.6 m, are assumed to be 
relevant, the other elements were removed. The result is a one-class topographic dataset with 
vertical landscape elements higher than 1.6 m. 
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In order to illustrate the effect of modifying vertical landscape elements on the perception 
of space, one of the original locations (area A) was altered by randomly removing 50% of the 
forest area and 50% of the length of the tree rows. The modified area is referred to as area A 
changed. 
Spatial analyses performed with vector data in GIS, which treat properties of space as 
scale-independent, do not match perception of the landscape by people, who treat space as 
scale-dependent (Freundschuh and Egenhofer, 1997). Calculating visibility based on vector-
based topographic data without taking human perception into consideration would imply that 
the extent of an area does not influence the number of viewpoints needed to perceive this area. 
For instance, a square room of 10 m2 without any vertical landscape elements would need one 
viewpoint to cover the whole space, as would a similar room of 10 km2. However, human 
perception of space changes with distance; the maximum distance at which a person can 
distinguish a space-shaping vertical landscape element is about 1200 m, depending on the 
type of landscape (Lynch, 1984; Van der Ham and Iding, 1971). Montello states that if an area 
is larger than can be observed from one point of view, locomotion is needed to comprehend 
space (Montello, 1993). Hence, more than one viewpoint is needed to perceive a square room 
of 10 km2. The dimensions of the two study areas as described were set at 3 km long and 3 
km wide. This size is larger than vista space and assumed to be comprehensible by 
locomotion (environmental space). 
The accuracy of the topographic data is a decisive factor in deciding the sampling 
intensity of the viewpoints. To cover an area with viewpoints, the distance between 
viewpoints does not need to be smaller than the accuracy value. The accuracy of the 
Top10vector is approximately 5–10 m if geometric precision and fuzziness of boundaries are 
combined (Mücher et al., 2003; Van Buren et al., 2003).  
In addition to the extent of an area and the accuracy of the topographic data, the number 
and the shape of landscape elements are also relevant for the sampling intensity of viewpoints. 
For example, more viewpoints are required to comprehend an area with many irregular 
patches of forest than an area with equal size and one regular shaped patch of forest. 
Landscape metrics have been studied thoroughly with software like Fragstats (Giles Jr and 
Trani, 1999; Mander et al., 2005). These kinds of approaches to analysing landscape metrics 
are based on landscape elements, not on space. Moreover, these approaches focus on the 
physical landscape, not on human perception of the physical landscape. Since the focus of this 
paper is on the perception of space, the number and shape of landscape elements is not taken 
into consideration when determining the number of viewpoints needed to perceive space. 
However, results derived from an approach based on landscape element metrics could be 
useful in deciding the intensity of viewpoints needed to perceive space.  
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A number of software packages exist to calculate visibility measures. We chose to work 
with Isovist Analyst 1.2, an extension of Arcview 3.x, because it is a vector-based program 
and able to calculate the selected visibility measures (Rana, 2002). The visible area is 
represented by isovist polygons, which are calculated from an obstacles layer – a 
representation of vertical landscape elements higher than 1.60 meters – and an observer layer 
– a representation of the locations from which a person views the landscape. The extension 
uses a combination of Binary Space Partition Trees (BSP) and a ray-tracing approach to 
compute the isovists (Rana, 2002) from each viewpoint. One parameter is the maximum ray 
length, the default value for which is infinite. As explained, this distance was set at 1200 m, 
based on human perception. With this condition, the maximum longest line of sight is 1200 
m. Another parameter for calculating isovist polygons is the ray interval (in degrees). The 
smaller the value of the ray, the more accurate the calculation of the visible area. With this 
ray-tracing approach, objects in the foreground are detected more accurately than objects in 
the background. This is in keeping with human perception theory, which states that objects in 
the foreground have a bigger impact than similar objects in the background (Hanna and 
Haniva, 1999; Lynch and Gimblett, 1992; Smardon et al., 1986). The ray interval was set at 5 
degrees, which means that, for instance, a house with a width and length of 12 m will always 
be detected within a distance of 135 m from the observer. The area within 135 m from an 
observer is considered to be a human-scale space, according to Lynch (Lynch, 1984). 
Nevertheless, a ray interval of 5 degrees is still rather arbitrary and open to discussion. The 
main argument for not using a smaller ray interval value is the greater computing time.  
As the ray interval and maximum ray length were related to the nature of human 
perception, the locations of the viewpoints should also be related to the modes of human 
perception. Therefore, three modes of perception were studied: view from a point, view from 
a road, and view of an area. These perception stimuli types were translated into three types of 
viewpoint sampling methods. 
Sampling Methods 
The view from a point has been commonly used in landscape paintings since the 17th century 
and, more recently, photographs record an expression of a landscape from one point of view. 
The observed space from a single viewpoint is comparable with a vista space (Montello, 
1993) or with the space around the body (Tversky et al., 1999), the latter implying a view in 
all directions. Isovist polygons represent the space from one point in all directions. To locate a 
viewpoint in an area which shows the character of the area, in this case landscape openness, 
the point with the largest view was selected. However, it is not possible to perceive the whole 
area from one point of view (since the study areas have a length and width of 3 km and a 
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maximum longest line of sight of 1200 m). Therefore, the minimum number of viewpoints 
needed to cover all space was calculated with an extension of Arcview 3.x., the Art Gallery 
Problem Solver, which is usually applied to select the minimum number of cameras needed to 
observe all paintings in a gallery. The Rank and OverlaP Elimination (ROPE) technique was 
used to select the viewpoints. The ROPE technique is a greedy-search method, which 
iteratively selects the most visible dominant observer with minimum overlapping vistas 
(Rana, 2005). The viewpoints were ranked according to the size of the visible area.   
Thiel was the first to try to analyse explicitly the visual properties of spatiotemporal paths 
through the built environment (Thiel, 1961). He acknowledged the importance of sequences 
in perceiving the environment. Landscape perception is about wholes (Vroom, 1986), not 
about isolated elements. Therefore, locomotion is needed to comprehend these wholes 
(Freundschuh and Egenhofer, 1997) because it allows the observer to know the shape and 
scale of obstacles (O’Sullivan and Turner, 2001). In this study, existing roads located across 
the area were selected from the topographic map. These line attributes were converted to a 
sequence of points every 10 m along the road. Isovist polygons were calculated from each 
point and, together with a sequence number, variations in the shape and size of spaces could 
be analysed to characterize openness. 
When monitoring the change of landscape character it is important to regard the 
landscape as a whole, taking into account information about perception from single 
viewpoints, from the road, and of an area. The most detailed information about landscape 
openness is obtained by calculating visibility measures from infinite viewpoints covering the 
whole space. However, the reasonable minimum distance between viewpoints with regard to 
human perception of the landscape is one walking step, or approximately 1 m. A reasonable 
distance with regard to the accuracy of topographic data is 5–10 m. Considering the accuracy 
of the topographic data, human perception and computation time, a sampling grid of 
viewpoints with a distance of 10 m in a horizontal and vertical direction was created. 
Openness Variables 
The Isovist Analyst extension derives many geometric variables from the isovist polygons. 
Four variables were selected for the indicator of openness, the first three of which provide 
information about size characteristics: (1) the visible area (Size) – the size of the area of the 
isovist polygon – which provides information on how much of the open space is visible; (2) 
the longest line of sight (LoS), calculated by the maximal radial of the isovist (the maximum 
was set to 1200 m); (3) the distance to the closest object (ClO), calculated by the minimal 
radial of the polygon. Because not only the size, but also the shape can influence the 
perception of space, a fourth variable was used to calculate the shape of the visible space: (4) 
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the compactness (Comp), a measure of the radial compactness of the isovist polygon. If one of 
two isovists with equal size variable values is compact, this indicates that relatively more 
space is close to the observer than in the second, less compact isovist. Therefore, the 
perceived openness is greater. 
The values of the four variables were calculated for the three cases (area A, area A 
changed, and area B), based on the modes of perception (perception from a viewpoint, from a 
road, and of an area). The sampling methods for the three modes of perception were compared 
for the kind of openness information they provide and the possibility of detecting differences 
between landscapes. 
Results and Discussion 
View from a Point 
The results of the visibility measures based on the ROPE technique are isovist polygons 
which cover all the space and which have the minimum possible overlap. The viewpoints are 
ranked by the visible area value. The viewpoint with the highest value in area A has a visible 
area value of 470,565 m2 and covers 6% of the total space. The largest visible area in area B is 
715,036 m2, or 8.9% of the total space of area B. Since the overlap between isovist polygons 
is minimal – viewpoints are not mutually visible and therefore not directly visual accessible – 
a single isovist polygon can be defined as a subspace. The value of the visible area size only 
gives information about the subspace, not the total space. Gradual changes of openness 
between subspaces cannot be detected, and mean values of a space are calculated by single 
values for subspaces.  
The creation of subspaces simplifies the complex structure of the continuous space of 
landscapes. Space syntax research uses this idea to first split urban space into subspaces, and 
then analyse the connections between the spaces by using the graph-theory notation to 
describe the subspaces and their connections (Hillier, 1996; Hillier and Hanson, 1984). 
Refinements of the calculation methods are needed to study the possible advantages of the 
configuration of these subspaces.  
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Figure 3.2. Visibility sequences from road sampling in area A and B  
 
In total, 541 viewpoints were needed to cover all the space in area A, whereas 420 
viewpoints were needed to cover all the space in area B. These numbers are higher than 
expected in reality and result from the use of the ray technique. For example, when 
calculating the isovist polygon from a viewpoint in a circle with a ray interval of 5 degrees, 72 
small spaces were not covered by the isovist polygon, while in reality the whole space is 
visible from that single viewpoint. Nevertheless, the number of viewpoints is a potential 
indicator of openness: fewer viewpoints are needed in more open landscapes than in enclosed 
landscapes. The number of viewpoints that are needed to obtain a representative description 
of openness is expected to be between one and the number needed for total visibility.  
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View from the Road 
The principal difference between the road sampling method and the ROPE sampling method 
is that the first is based on a landscape element, the road, while the latter is based on space 
characteristics. In contrast to the ROPE-based viewpoints, adjacent viewpoints are mutually 
visible and physically directly accessible. This sequence of openness values represents the 
view from a road.  
The visible area size was calculated for points along a road in area A and B (Figure 3.2). 
The size of the visible area was plotted against the location of the viewpoint along the road. 
The roads are shown in the map of the two areas. The graph of area A shows gradual changes, 
while the graph of area B shows very abrupt changes. The reason for this difference is the 
presence of tree rows along the roads in area B, which are characteristic for this area. More 
abrupt changes in visible area along the road are found in area B and the visible area size is 
more constant. The visible area from the road in area A changes every 10 m, which indicates a 
greater variety of openness. 
The information derived from the graphs not only indicates openness, but also expresses 
the variety and complexity of the perception of space. The analysis of values in a sequence of 
viewpoints along the road is directly applicable to planning issues such as recreational route 
design. For the other sampling methods, such a sequence would not have such a direct 
meaning for planning issues because adjacent viewpoints are not necessarily directly 
physically accessible. However, the shortest route connecting all the ROPE viewpoints is the 
shortest distance required to perceive the whole space. The length of this route is an indication 
of the landscape complexity.  
View of an Area 
The distance between viewpoints using the grid point sampling method is 10 m. The mapped 
viewpoint values show the gradual transitions between open and enclosed areas. Figure 3.3 
shows the visible area size values for area A and B. While the descriptive statistics show 
similar values for both areas, with slightly higher values for area B (Table 3.1), the classes on 
the map show different patterns in area A and B. The gradual transitions in area A and the 
more abrupt changes in area B are clearly visible. The histograms of the (logarithm of) 
openness variables values usually have one maximum because the landscape shows gradual 
changes. However, the histogram of area B shows two maxima, one around 5.1 and one 
around 5.5 (Figure 3.4A), which is also visible on the map in Figure 3.3B. Values between 5.2 
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and 5.4 hardly occur. These openness values can be used to predict whether the landscape 
character is changing due to physical changes in the landscape. 
Figure 3.3. Visible area values from grid point sampling of area A (left) and area B (right). 
 
The values for compactness (Comp) and closest object (ClO) in Table 3.1 show the most 
distinct values for areas A and B, although all values for area A and area B lie within a small 
range. These similarities are due to the fact that both areas are located within one national 
landscape with one openness class. More distinct values are expected if areas in different 
national landscapes with different openness classes were compared. 
 
Table 3.1.  Mean values of openness variables of areas A and B. 
 
  Size ClO LoS Comp 
Area A ROPE 3.86 0.51 2.38 0.16 
 Road 5.13 1.33 2.86 0.24 
 Grid point 5.01 1.34 2.76 0.26 
Area B ROPE 3.76 0.37 2.40 0.15 
 Road 3.65 0.37 2.41 0.11 
 Grid point 5.16 1.49 2.77 0.32 
Maximum value 6.66 3.08 3.08 1.00 
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View of an Area Derived from Three Sampling Methods  
The three histograms of the visible area size of area B are shown in Figure 3.4. The 
histograms for all three sampling methods show two maxima, but the maxima of the ROPE 
sampling and the road sampling have different values from the point grid sampling. The 
maxima values for both the ROPE and the road sampling method are 2.8 and 5.0, while the 
maxima for the grid point sampling are 5.1 and 5.5. The reason for the maximum value of 2.8 
in the ROPE sampling results (Figure 3.4C) is that smaller subspaces have the same weight as 
larger subspaces. The ROPE technique produces many very small spaces, which are 
emphasized in the results. The maximum value of 2.8 for the road sampling method (Figure 
3.4B) can be explained by the view blocked by tree rows. Histogram B in Figure 3.2 confirms 
this. The histograms show similar trends, resulting from three different types of perception.  
Table 3.1 shows the mean values of the four openness variables. The value range of each 
of the variables is from zero to the maximum value shown in the table, based on a maximum 
line of sight of 1200 m. The values for the three sample methods have been calculated for area 
A and B. Since the grid point method provides the most representative mean values of an 
area, the values calculated by the other sampling methods were compared with the values of 
the grid sampling method. The mean values of the road sampling are similar to the mean 
values of the grid point sampling in area A. The results indicate that the perception of the 
landscape from the road in area B does not reflect the openness character of the area 
according to the values in Table 3.1. This can be explained by the presence of tree rows 
located along the roads, which is characteristic for this area. These tree rows block the view, 
which results in very low openness variable values (Table 3.1). The difference between the 
view from the road and the view of an area is valuable for spatial planning and monitoring. 
Based on the values in Table 3.1 it is difficult to determine whether an area is open or 
enclosed; there are no guidelines as to what size makes an area open or enclosed. Nonetheless, 
issues of openness are important to consider when making decisions for spatial planning and 
monitoring (Kaplan et al., 1998). The values show, for example, whether the perceived 
openness from the road reflects the openness of the whole area. 
The difference between the view from the road and the view of an area is smaller in 
reality than when derived from the values in Table 3.1 because tree rows in the topographic 
dataset are presented as solid lines, which is different from how they are perceived in the 
landscape. The transparency of tree rows is important for visual perception (Hendriks and 
Stobbelaar, 2003), but this is not indicated in the topographic data, which is why the openness 
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Figure 3.4. Visibility area values for the three sampling methods (A: grid point sampling; B: road 
sampling; C: ROPE sampling) of area B. 
variable values from the road in area B underestimate the openness of the area. The 
representation of tree rows is an example of the difficulties involved in representing natural 
landscape elements in topographic data in general. One of the ways of gaining insight into this 
matter is to validate the openness variable values in the field. 
The results in Table 3.1 show that mean values from the ROPE method are much lower 
than the values from the grid point method. When using the ROPE method, a large visible 
space has the same weight as a small visible space, whereas in the grid point method, a large 
space contains more viewpoints than a small space. The weights of the values of the areas 
differ, which results in different mean values for the two sampling methods. 
As suggested, the number of viewpoints needed to perceive the whole space has the 
potential to be an indicator of openness. However, the results of the three sampling methods 
for the three areas show that this is not valid for this study area. 
Perceived Change of Openness 
The openness variable values of the proposed future situation of area A (with 50% of the 
forest area and 50% of the tree rows removed) were compared with the values derived from 
the original situation. The viewpoint with the highest value has a visible area value of 809,602 
m2 and 9.7% of the space is visible from this viewpoint. The first 10 viewpoints cover 44% of 
all the space. This is an increase of 15% compared with the original situation, whereas the 
area of total space only increased by 5.4%. 280 viewpoints were needed to cover the whole 
space, which is 52% of the number needed in the original situation.  
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Figure 3.5. Visibility sequence based on road sampling, comparing the original (area A) and the 
proposed future situation of area A (area A changed). 
The values of the visible area from the road are two times higher (323,491 m2) than in the 
original situation. Figure 3.5 shows that the general trend of the visible area along the route is 
similar to the original situation. However, the difference between the highest and lowest value 
is larger and the changes over a short distances are more abrupt. 
The mapped viewpoints of the point grid method show pattern changes. Figure 3.6 shows 
the longest lines of sight values of the original situation (Figure 3.6A) and the new situation 
(Figure 3.6B). The maximum length of the longest line of sight is 1200 m and the viewpoints 
with this value are shown in dark grey. In the new situation, 32% of the viewpoints have a 
maximum line of sight. The increase in visual connectivity between points in the altered 
situation in area A indicates the decrease in enclosure. This spatial pattern, which is not 
visible using the other sampling methods, is similar to the representation of subspaces with 
axial lines (Jiang and Claramunt, 2002). Methods like the visibility graph analysis can 
calculate local and global connectivity values of axial lines based on graph theory (O’Sullivan 
and Turner, 2001; Turner et al., 2001). In this paper all values derived from each viewpoint 
are local, while landscape perception is about wholes (Arthur et al., 1977; Bourassa, 1988). 
To calculate these global values, information derived from the ROPE method (creating 
subspaces), from the road method (sequences, locomotion) and from the grid point method 
(connect every location) should be considered.   
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Figure 3.6. Longest lines of sight values from grid point sampling, comparing the original (left) and 
the new (right) situation of location A. 
The results show that visibility calculations are a useful method for bridging the gap 
between the object-driven approach and the perception-driven approach. The results indicate 
possibilities for distinguishing between different modes of perception by using different 
sampling methods. However, the results do not prove that the different modes of perception 
are meaningful for perceived openness in the field. A study by Palmer and Lankhorst (1998) 
illustrates, through empirical research, that openness is meaningful for landscape perception, 
and, accordingly, research has to be done to find out how effective it is to use the three 
sampling methods to differentiate the different modes of perception.  
Conclusions and Directions for Further Research 
The quantification of landscape characteristics with visibility measures based on geo-data 
enables spatial planners and policy makers to include visual perception in landscape research. 
The three proposed methods for sampling viewpoints, representing three modes of perception, 
produce visibility measures specifying what people perceive in the landscape (visibility) and 
how they perceive it. 
The ROPE sampling method resulted in openness variable values for individual 
viewpoints. Those values are valid for corresponding subspaces, which are defined by the 
isovist polygons. Future studies should be undertaken to investigate the advantages of 
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connecting the subspaces in order to derive both local and global characteristics with space 
syntax measurements. 
The road sampling method generated a sequence of openness variable values, which is 
important for obtaining information about variation in the landscape when moving. The use of 
an existing road for locating the viewpoints allows the method to be used for spatial planning 
and landscape design. Movement is important for perceiving whole areas, which is important 
in landscape perception.  
The grid point sampling method provided a high number of openness variable values and 
covers the whole area with viewpoints. Mapped values show openness patterns and the 
characteristics of transitions between open and enclosed areas. Grid point sampling is 
assumed to be the most representative for the view of an area. Therefore, the comparisons 
between the mean values from the grid point sampling method and the values from the other 
sampling methods indicate how well the openness of an area is perceived from single 
viewpoints or from the road. In view of the fact that the mean openness variable values of the 
two areas A and B are very similar, further research is needed to find out whether indicators 
such as openness, and their variables, are related to specific scales.    
The differences between the mean openness variable values for the three sampling 
method indicate that the sampling methods are not replaceable, but complement each other.  
The results for the proposed future landscape (area A changed) and the original situation (area 
A) are promising for spatial planners and decision makers. They show that the effect of a 
change in the physical landscape is translated into a change in the character of openness, 
which can be quantified, mapped and specified for three modes of perception.  
The emphasis of this paper is on the comparison of perceived openness by three modes of 
perception represented by different sampling methods, rather than on the openness variable 
values as such. Nonetheless, the relevance of the openness variables and landscape perception 
needs to be clear. Further research should therefore be conducted into validating the 
calculated openness variable values with people’s judgments of openness in the field.  
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Introduction 
Landscape is an important aspect of the quality of people’s lives (Council of Europe, 2000). 
People may identify with certain landscapes (Kaur et al., 2004), and landscapes can contribute 
to their sense of place and well-being (Fry, 2002; Ulrich, 1979a). Landscapes and people are 
both dynamic and subject to change. These changes may have profound influences on quality 
of life (Rogan et al., 2005) and therefore the visual landscape should be given specific 
attention during landscape planning and policy-making (Scott, 2003; Tress et al., 2001). 
Describing the state and development of the visual landscape in terms of content, boundaries, 
space and time is the first step of implementation on policy scale (Steinitz, 1995). The 
development of powerful analytic Geographic Information System (GIS) tools has led to great 
advances in this respect. These tools are used to map and measure visual landscape 
characteristics (e.g. Brabyn, 2005; Gulinck et al., 2001; Lynch and Gimblett, 1992). 
An important visual landscape characteristic is landscape openness (Wascher, 2005). 
Landscape openness is strongly emphasized in theories relating to visual quality and 
landscape preference (Tveit et al., 2006). Kaplan et al. (1989) described openness as the 
amount of space perceivable to the viewer. Therefore, a reasonable method to gauge 
perceived landscape openness is needed in order to assess this characteristic. One such 
method is to measure the visible space from various viewpoints within the landscape (Bishop, 
2003; Miller, 2000; Smardon et al., 1986).  In order to measure the visible space, Tandy 
(1967) introduced the concept of isovists, which was further developed by Benedikt (1979), 
who defines an isovist as the set of all points visible from a given viewpoint in space with 
respect to an environment. The concept generates detailed, spatially explicit and numerical 
information to estimate the visible area from a defined viewpoint. Isovist and related concepts 
are applied in many situations, for example for landscape planning and policy making 
(Weitkamp et al., 2007). Only a few studies are known that actually validate such numerical 
and spatially-explicit information to assess openness. Palmer and Lankhorst (1998) validated 
openness for a non-urban area based on landscape elements, whereas validated openness for 
an urban area based on isovists. It is, however, not clear how visible space, modeled with 
isovists, exactly relates to perceived openness in non-urban areas. Therefore, the objective of 
this paper was to validate the use of isovist measurements for describing perceived landscape 
openness in non-urban areas.   
Landscape characteristics are reflected in the interaction between people and their 
environment. Perceived openness, in particular, is based on the real world space visible by 
real people (Figure 4.1) and calculated using isovist measurements.  In our study, real space 
was replaced by a digital topographic dataset which we called model space, and real people 
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were also replaced by a digital representation, or model people. The result was an isovist 
whose variables estimated the perceived openness (Figure 4.1).  
 
Phenomenon
Perceived Openness
real
space
real 
people
Model
Isovist Measurement
model
space
model
people
variablesvariables
perceived openness isovist
 
Figure 4.1. (A) Perceived openness and (B) modeled estimation of openness with isovists. 
To identify the possibilities of describing perceived landscape openness by isovist values, 
we first studied the effect of replacing both the real space and real people with a digital 
representation of space (model space) and people (model people). Secondly, we studied the 
effect of only replacing real people by model people, and finally, we studied the effect of only 
replacing real space by a model of space.  
Isovist measurements 
Calculation of an isovist was carried out with Isovist Analyst, a GIS software program (Rana, 
2002). The program calculates isovists from two input datasets: an obstacles layer, which 
represents the vertical landscape elements, and a point layer that represents observers. We 
illustrated the procedure to calculate an isovist (Figure 4.2). First, a topographic dataset was  
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Figure 4.2. Steps to calculate visible space with the isovist method.  
selected that represents the physical landscape and is used to model space. For this research, 
we selected the Top10vector, a Dutch topographic dataset (Figure 4.2A). This is a high-
resolution dataset which is commonly used by policy makers and planners. The second step 
was to create a representation of space by identifying and selecting the vertical landscape 
elements that define space, which resulted in the obstacle layer (Figure 4.2B). The parameter 
for creating the obstacle layer was based on the eye-level of the observer: any vertical 
landscape element that is above eye-level was selected.  The third step was to create a 
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representation of people by locating observer point(s), which resulted in the observer layer 
(Figure 4.2C).   
Parameters for the observer layer are the maximum viewing distance, which is 
represented as the maximum radial of the isovist, and the viewing angle, which corresponds to 
the radial angle of the isovist.  The visible area –an isovist-polygon- is calculated from the 
observer point based on radials, which are straight lines from the observer to the first obstacle 
(Figure 4.2D). The number of radials for each observer point is determined by the increment 
angle between each radial.  
Materials and Methods 
Five experiments were initially conducted to derive data about openness using various media. 
Three experiments assessed openness based on analyzing videos, 3-D visualization models 
and photos, a fourth was based on a field visit, and the fifth experiment featured the 
assessment of openness based on field measurements using a laser scan device. For this paper, 
we only used the data from three experiments, which covered the various aspects of openness 
based on the interaction of people with their environment as shown in Figure 4.1. The first 
experiment, the perception of openness from the field, was developed using real people and 
real space to describe openness. The second experiment, the perception of openness of a 3-D 
landscape visualization model, used the same group of people as in the field visit and the 
isovist method for abstraction of space as input. The third experiment, which measured 
openness with a laser-scan device, used the same representation of people as the isovist 
method and the real space as input.  
Variables  
For the experiments, viewpoints needed to be selected that covered the whole range of 
openness, from confined to exposed. Consequently, we first defined the openness and isovist 
variables that were to be measured. We set three prerequisites for selecting these variables: 
 Variables are related to information about openness as found in other scientific 
work. 
Ultimately we were not looking for variables that were only statistically correlated 
with perceived openness, but which were most likely to be aspects of openness in 
reality. Therefore we searched for real-world aspects of openness instead of only 
using isovist variables. Based on the literature, we selected three openness 
variables, the size of the horizontal field of view (Stamps, 2005; Tveit, 2009), the 
distance from observer to visually-blocking landscape objects (De Veer and 
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Burrough, 1978; Van der Ham and Iding, 1971), and the shape of the field of view 
(Stamps, 2005).  
 Variables are part of existing software to calculate isovists.  
The starting point of this research was to know if isovist variables are estimators of 
perceived openness. We used the variables of Isovist Analyst 1.3 software (Rana, 
2002), which contains most of the variables also available in other packages such 
as Omnivista (Dalton and Dalton, 2001). It includes, e.g., distance variables, 
derived distance variables, shape variables, and direction variables. 
 Variables are easy to detect in the field. 
All variables from the isovist analyst software were tested in the field by three 
university staff members. The distance variables and the direction variables were 
easiest to detect in the field, whereas variables derived from distance variables, 
such as the variance of the radials, were more obscure.  
 
We finally selected three variables based on our prerequisites. First, the minimum line of 
sight that reflects the shape of the visible space, when combined with other variables. Second, 
the maximum line of sight, which emphasizes the importance of distance for the perception of 
openness. Third, the average line of sight, which is strongly related to the size of the field of 
view. In short, these three isovist variables and their perceived equivalents in the real world 
can be summed up as: minimum radial and shortest line of sight; maximum radial and longest 
line of sight; and average radial and average line of sight. 
Locations 
We aimed to have the locations of the experiments cover the full range of openness in the 
Netherlands. This was achieved by creating an openness classification based on isovist values 
and selecting one location from each class. We calculated the maximum radial and average 
radial for 4000 randomly-selected points in the Netherlands (on average one point each 10 
km2). The maximum value for the maximum radial was set at 1200 m because we expected a 
minimal effect of space experience beyond this distance (De Veer and Burrough, 1978). This 
resulted in 2426 viewpoints out of 4000 having a maximum radial of 1200 m (Figure 4.3). 
The dispersion graph shows two categories, one for isovists with a maximum radial of less 
than 1200 m, and one for isovists with a maximum radial of 1200 m. In order to cover the full 
range of openness in the Netherlands, we defined classes based on the following values of 
both the maximum and average radial: 250, 500, 750, 1000, and 1200 m. Finally we excluded 
three classes containing less than 1% of the 4000 points. 13 classes remained as shown in 
Figure 4.3, which was the maximum number of locations to visit for the field experiment. 
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Figure 4.3. (A) distribution of locations based on values of maximum radials (y-axis) and average 
radials (x-axis); (B) 13 locations in area "Gelderse Vallei" where numbers correspond to the numbers 
of classes in the distribution chart.  
For reasons of efficiency, the next step was to find locations with the same values in a 
region as close as possible to each other. The Gelderse Vallei is a region that contains values 
of average radial and maximum radial for all 13 classes (Figure 4.3A). To select the 13 points, 
we used ArcGIS, a Geographic Information System (GIS) program, and two datasets, the 
Top10Vector and the AHN (Dutch elevation dataset). The selection procedure was as follows:   
1. create points every 100 m on roads except highways 
2. exclude points in areas with high variation in elevation, that is more than 5 m 
differences within 1200 m 
3. exclude points within urban areas, and within a distance of 1200 m from urban 
areas 
4. exclude points within a distance of 100 m of individual buildings 
5. from the remaining points, choose 13 points with values representing the 13 
classes, which can be visited within approximately 5 hours.  
The 13 locations selected within the Gelderse Vallei are illustrated in Figure 4.3B.  
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Participants 
Thirty-two Dutch students from the Wageningen University were selected to participate in the 
experiments. A few weeks before the experiments, we asked the participants to fill in a form 
with personal information such as: field of study (studies ranged from landscape architecture 
to molecular science to business administration), living environment until the age of 12 (41% 
countryside, 22% park-like, and 37% urban), living environment at present (12% countryside, 
19% park-like, 69% urban), age (Mean: 21.5, SD: 2.4), and sex (59% male, 41% female).  
Experiments 
Field visit  
With the three experiments, several aspects of modeling openness with the isovist method 
were validated (Figure 4.4). One of the assumptions of the isovist method that needed 
validation was that the average line of sight, the maximum line of sight and the minimum line 
of sight are related to perceived openness. Therefore, a questionnaire was created in which we 
asked participants to rate preference and several indicators of landscape characteristics. 
Besides openness, we asked them to rate preference, complexity, naturalness, cultural value, 
spaciousness, and legibility on a scale from 1 (low) to 10 (high). We also asked them to 
estimate the average line of sight, maximum line of sight, and minimum line of sight (in m). 
The participants were not told what the objective of the experiments was, and could not relate 
the estimated values to openness specifically, because many other indicators were rated as 
well. Finally, we asked one question about the direction of the maximum line of sight, and 
one question about the distribution of landscape elements in foreground and background. 
All 32 participants visited the 13 locations shown in Figure 4.3B in the same order. Four 
groups of eight people each were dropped with a minibus at each location to fill in the 
questionnaire, and picked up again when ready.   
3-D model perception 
The field experiment yielded information about the differences between the isovist 
measurements and the field perception ratings. This, however, did not provide information 
about the effect of using a model of space (Top10) instead of the real world space.  
A 3-D landscape visualization was therefore created which contained exactly the same 
landscape elements from the Top10 as used for calculating the isovists. The only differences 
were the conversion of the elements from two to three dimensions by adding a height value of 
15 m and the addition of a person as a scale reference. All other cues, such as color and 
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texture, were kept constant. The eye level was set at 1.6 m in height and used to create a 360 º 
video for the 13 locations.  These were shown to the 32 participants, who were then requested 
to answer the same questions as in the field experiment. The locations were also presented in 
the same order to prevent differences from being caused by the order (this was not told to the 
participants). The participants were asked to rate the model without taking into account their 
ratings from the other experiments. 
 
Figure 4.4.  Comparison of the three experiments and the isovist measurements. 
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Laser scan measurement 
To compare measurement of the visible space based on Top10 with measurement of the 
visible space based on real space, we used a laser device. Based on preliminary tests of 
various laser scanning equipment, we selected a binocular with a rangefinder, the Swarovski 
laser guide 8x30. The main reason for choosing this device was its maximum reflectorless 
measuring range of approximately 1400 m. The minimum distance that it can measure is 8 m, 
and the accuracy of the measurements is 1 m. Space was measured at the 13 locations, every 5 
º for 360 º, at 1.6 m height, the same parameter values as for the isovist measurements. Based 
on the 72 measurements for each location, the minimum radial, the maximum radial and the 
average radial could be calculated.  
Results and analysis 
Perceived openness versus isovist variables 
Three isovist variables and openness 
One way to examine how the isovist variables are related to perceived landscape openness is 
to calculate how much of the variation of openness can be explained by a combination of the 
variables. We used multiple regression analysis and treated the dependent variable openness 
as a continuous (numerical) variable. In this case, categories in the ordinal scale were 
numbered consecutively and plain least-squares regression was used. This type of analysis 
(see for example Hagerhall, 2001; Tveit, 2009) is commonly used when the dependent 
variable has a large number of categories (five or more) and is therefore treated as interval 
data (Lindhagen, 1996; Torra et al., 2006).  
 
Table 4.1. Multiple regression analysis with the dependent variable field openness; predictor for 
model 1 average radial; predictor for model 2 average radial and maximum radial. 
 
 
Model R R2  Adjusted R2  SE  of the estimate 
1 0.914 0.835 0.820 0.9030 
2 0.954 0.910 0.892 0.6979 
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The coefficient for minimum radial was not significant, indicating that this variable did 
not contribute much to the model. Therefore we excluded the minimum radial, leaving two 
models: one with average radial and one with both average radial and maximum radial. Both 
models showed a high R2, but that of model 2 was higher than model 1 (Table 4.1). For model 
2, average radial contributed more to the model than maximum radial, because it had a larger 
absolute standardized coefficient (0.691 and 0.354, respectively). The variance inflation factor 
for model 2 was low (1.66), meaning that there was low multicollinearity. 
Figure 4.5. Photographs of locations 4 and 5; from left to right, pictures were taken in the directions 
north, east, south, and west. 
In general, the minimum radial did not contribute much to the model (average radial was 
dominant), but for individual locations, the perception of openness could change with a 
landscape element close to the observer but with similar values for maximum radial and 
average radial. For example, when comparing location 11 and 13 (Figure 4.5), location 13 had 
higher average radial (246 vs. 235 m) and maximum radial (1200 vs. 1087 m), but much 
lower minimum radial (3 vs. 40 m) than location 11; the resulting openness of location 13 was 
lower than that of 11 (4.9 versus 6.4). 
The relationship between perceived field openness and measured space is most often 
described by a power function (Wagner, 1985, 2006) (Figure 4.6). The maximum radial 
(Figure 4.6B) and the average radial (Figure 4.6C) showed very high correlations with 
perceived openness, whereas the correlation of the minimum radial (Figure 4.6A) was lower. 
When values of the isovist variables reached above a certain value, further increase did not 
affect the openness rating. For example, if the maximum radial was higher than 3500 m 
(Figure 4.6B) or the average radial was higher than 1000 m (Figure 4.6C), the perceived 
openness remained fairly constant (between 9.2 and 9.8).  
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Figure 4.6. Scatter plots of the relationship between perceived field openness and isovist: (A) 
minimum radial, (B) maximum radial, and (C) average radial. 
Other isovist variables and openness 
The three variables of openness described above were preselected, as described in the 
materials and methods section. Using the isovist technique, however, many more variables 
can be calculated. With the results of the field experiment we were able to calculate the 
correlation of perceived openness with all variables as calculated with the isovist analyst 
extension, which is shown in Table 4.2. In general, distance variables showed high 
correlations with openness. The three preselected variables (minrad is minimum radial, 
maxrad is maximum radial, avrad is average radial) show high correlation values, with the 
highest score for the average radial with 0.914. Other variables, such as diametric distance, 
also had a high value. The meaning of these variables was, however, more difficult to relate to 
perceived openness, as the location of the viewpoint within the isovist was not taken into 
account. Not only distance measurement, but also shape measurements such as compactness, 
circularity and occlusion show high correlation values. These findings are similar to findings 
by Stamps (2005) for the opposite of openness, enclosure, in urban environments, where size 
and shape were the most important variables. 
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Table 4.2. Isovist variables and the Pearson correlation of each variable with rated openness in the 
field. 
Name• Description Correlation  
Minrad Distance to the nearest obstacles from the viewpoint. 0.681* 
Maxrad Distance to the farthest obstacle from the viewpoint. 0.789** 
Avrad Average distance to obstacles from the viewpoint. 0.914** 
Stdrad Standard Deviation of distance to obstacles from the viewpoint. 0.448 
Varrad Variance of distances to obstacles from the viewpoint. 0.493 
Raddisp Dispersion based on radial distance. Dispersion is the difference 
between the values of the mean and the standard deviation of the 
isovist’s radial lengths. 
0.764** 
Radcomp Compactness based on radial distance is defined as the ratio of 
average to farthest (or maximum) distance from each vantage point. 
0.864** 
Mindiam Shortest diametric distance to obstacles from the viewpoint. 0.790** 
Maxdiam Longest diametric distance to obstacles from the viewpoint. 0.899** 
stddiam Standard Deviation of diametric distances to obstacles. 0.410 
Vardiam Variance of the diametric distances to obstacles. 0.429 
Diadisp Dispersion based on diametric distances to obstacles from the 
viewpoint. 
0.845** 
Diacomp Compactness based on diametric distances to obstacles from the 
viewpoint. 
0.837** 
Isoarea Area of the isovist. 0.850** 
Perimeter Perimeter of the isovist. 0.850** 
Arpmratio Ratio of area to perimeter. 0.811** 
Circularity It is determined by calculating the area of a perfect circle whose 
radius is set to the mean radial length of the isovist and then 
dividing this by the area of the isovist. 
0.741** 
Convexity Convexity. See Conroy (2001). The proportion of the isovist which 
can be seen from all points within it 
0.517 
Drift It is the distance in meters between the location from which the 
isovist is generated and its ‘centre of gravity’. The centre of gravity 
of an isovist is calculated as if the isovist were a polygonal lamina. 
-0.40 
Occlusion The proportion of perimeter covered by a physical boundary in %. -0.738** 
•   Names as presented in Isovist Analyst 
*   Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed) 
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Field variables and openness  
The three isovist variables showed high correlation with perceived openness in the field, and 
explained much of the variation of openness. This information did not guarantee that 
equivalents of the isovist variables in the real world would also correlate with perceived 
openness. In other words, are the longest line of sight, the average line of sight, and the 
shortest line of sight real aspects of openness? First we treated the participants as a group. We 
therefore calculated the correlation between the average values of the 32 participants for each 
of the three variables, and the average value of openness for the 13 locations; these results are 
shown in the left column of Table 4.3. All three variables showed high correlation with 
openness. The average line of sight had the highest correlation value (0.90). Secondly, we 
treated the participants as individuals. The average values of the correlations of each of the 32 
individual participants are shown in the right column of Table 4.3. These values were lower, 
but still explained most of the variation of openness.  
Table 4.3. Pearson correlations between field variables and perceived openness. 
Field variables Correlation of average 
group values for field 
variables and openness 
Average correlation of individual 
values for field variables and openness 
Minimum line of sight 0.79 0.51 
Maximum line of sight 0.90 0.72 
Average line of sight 0.90 0.75 
 
Field variables and other landscape characteristics  
One positive aspect of the study was that the participants did not know what the objective of 
the experiment was, and they were asked to rate openness as well as eight other indicators of 
landscape character impartially. Table 4.4 shows the results of the average value of individual 
correlations between the three field variables (columns) and the nine indicators (rows). 
Openness had the strongest correlation values, but spaciousness was also positively correlated 
with distance variables. The indicators complexity and small-scale were strongly negatively 
correlated with the three variables.  
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Table 4.4. Pearson correlation between nine indicators of landscape characteristics and three field 
variables. 
 Average line of sight Maximum line of sight Minimum line of sight 
Openness 0.75 0.72 0.51 
Familiarity -0.15 -0.11 -0.13 
Attractiveness -0.03 -0.01 0.02 
Spaciousness 0.69 0.67 0.49 
Legibility -0.13 -0.11 -0.09 
Naturalness -0.18 -0.13 -0.14 
Complexity -0.62 -0.56 -0.42 
Small scale -0.65 -0.60 -0.47 
Cultural value 0.05 0.02 0.03 
 
Real people vs. model points 
The effect of the two components – people and space – on the quality of the model required 
further analysis. In this section we examined the effect of replacing real people with modeled 
single observer points.  
3-D model and isovists 
With the use of the isovist method, we not only assumed that distance variables are the only 
important cues for perceiving openness, but we also assumed that perceived distance is equal 
to measured distance. We compared the isovist variables with the perceived equivalents from 
a 3-D model that used the same model of space. The blue dots in Figure 4.7 show the 
measured distance values (x-axis) and the perceived distances (y-axis). The first 
approximately 2000 m of measured distance showed high linear correlation with the 
perceived distance. When the measured value increased from 5114 to 10069 m, the perceived 
distance only increased from 3188 to 4312 m. This illustrates that at long distances, 
differences were hardly noticed (Figure 4.7B). Nevertheless, both perceived and measured 
distance variables showed a similar relationship to perceived 3-D model openness.  
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Figure 4.7.  Scatter plots of three openness variables: (A) Minimum radial/ line of sight, (B) 
Maximum radial/ line of sight, (C) Average radial/ line of sight.  Black dots, as perceived from the 3-
D model video with equivalent isovist variables; grey dots, as perceived in the field with equivalent 
laser scan variables. 
Field visit and laser scan 
The differences between measured and perceived distance in a real world situation were 
illustrated by comparing the perceived field values with the scanned distances (Figure 4.6). 
Values for minimum radial show discrepancies with values for minimum line of sight (Figure 
4.6A). A possible explanation for low laser scan values is the sensitivity of the laser scan in 
detecting very small landscape elements which were not perceived by the participants.  
Conversely, a possible explanation for high laser scan values is the landscape elements that 
were missed because of the 5 º increment angle. The values for maximum and average radials 
show differences with values for perceived maximum and average line of sight, respectively 
(Figure 4.6B and 4.6C). This was caused by the limitation of the laser scanner, which could 
only measure up to 1400 m whereas people rated the perceived distance up to 10069 m.  
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The most important difference between measured and perceived distances is that the 
measured distance only yields one result, whereas perception of distance varies within a group 
of people. Because openness ratings are actually made by individuals, reliability of individual 
ratings is an important aspect of the data analysis (Palmer and Hoffman, 2001).  In order to 
obtain more information about the variation within the group of participants, we calculated an 
Intraclass Correlation coefficient. This measured the extent to which participants agreed when 
rating the openness of the 13 locations. 
 
Table 4.5. Intraclass correlation coefficient of field ratings of openness by 32 participants. 
  95% Confidence 
interval 
F test with true value 0 
 Intraclass 
correlation 
Lower 
bound 
Upper 
bound 
Value df1 df2 p-value 
Single 
measures 
0.759 0.591 0.914 102.027 9 270 0.000 
Average 
measures 
0.990 0.979 0.997 102.027 9 279 0.000 
Two-way random effects model where both people effects and measures effects are random. 
 
The average of the scores of the 32 participants were highly reliable (the Average 
Measure Interclass Correlation value was 0.990, Table 4.5), suggesting that despite the 
participants’ individual differences, the scoring process was successful in identifying different 
levels of openness. The Single Measure Intraclass Correlation is the reliability one would get 
if using just one participant. In general, it would be lower than the reliability you would 
expect from using the average or sum of several raters. In this case, the Single Measure 
Interclass Correlation value was 0.759. Landscape openness is a descriptive characteristic that 
can be rated in a fairly objective way and therefore there is high consistency between raters.  
Landscape attractiveness, on the other hand, is a value or quality rating of the landscape and 
therefore more subjective. Accordingly, the Intraclass Correlation values are lower for 
attractiveness, with a value of 0.277 for single measure. 
Although the Intraclass Correlation Coefficient for openness was high, there could have 
been significant differences between subgroups.  We evaluated ratings of subgroups of our 
participants based on gender, sex, and the environment in which they lived. Most of these 
subgroups did not yield significantly different values for the openness ratings. Only the 
differences between people who were raised (until the age of 12) in a rural environment and a 
park-like environment (openness value Park 6.7 and Rural 6.0) were significant at 0.05 level 
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(ANOVA, post-hoc Tukey = 0.849). Why these subgroups differed significantly, while for 
example the difference between the rural and urban environment did not, is unclear.  
The range of openness ratings of the 32 participants is illustrated with a boxplot in Figure 
4.8. The locations with average openness values (between 4 and 7) tended to show more 
variation than very high or very low rated openness. The three locations with the highest 
average openness ratings (11, 12, and 13) showed the lowest variation. Location 12 had a very 
uniform rating except for two extreme outliers. The locations were predicted to have an 
increasing value of openness based on the isovist calculations (compare the location numbers 
with Figure 4.3A). However, locations 4 and 6 had higher values than location 5, and 
locations 7 to10.  
 
 
Figure 4.8. Boxplots of rating of field openness by 32 participants for 13 locations. 
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Real space vs. Top10 model 
Laser scans and isovists 
Differences between modeled space and real world space can result in different values for the 
minimum radial, the maximum radial and the average radial.  This is illustrated with two 
examples (Figure 4.9).  In Figure 4.9A, we see how a row of trees blocks the isovist, while the 
scanner measures through the tree row at certain points in the real world situation.  
Conversely, a solitary tree is blocking part of the view of the scanner, but this tree is not 
present in the Top10 model, and consequently the view at this point is not blocked by the 
isovist. In Figure 4.9B, the isovist based on Top10 is blocked by a dike, which was assigned a 
value higher than eye height (dark). The scanned value in the field shows that one can look 
over the dike (light).  
Figure 4.9. Calculated visible space for (A) location 8 and (B) location 11, based on the model Top10 
(dark) and on real space (light). 
Values based on real world space were compared with values measured based on modeled 
space (Figure 4.10). We limited the maximum distance for both the scanner and the isovist to 
1200 m. The isovist values were higher than the scanned values for average and maximum 
radials, and lower for the minimum radials. In general, the values are very similar.  The few 
exceptions were due, for example, to transparent objects such as tree rows, which are 
represented as a solid object in the Top10 model (maximum radial, location 8) or objects with 
different heights (average radial, location 11).  
 
 
!
!
0 0.8 1.60.4
Kilometers
0 0.4 0.80.2
Kilometers
A B
dike
8
11
CHAPTER 4 
86 
Figure 4.10. Comparison of isovist measurements and laser scan measurements for the three variables 
(A) minimum radial, (B) maximum radial, and (C) average radial. 
Correlations between the three variables of scanner and isovist with perceived field 
openness are shown in Table 4.6.  The average radial of the laser scan had a higher correlation 
value with openness than the isovist, but for the minimum and maximum radials, the isovist 
values were higher. This was rather unexpected, because the scanner gives more precise (field 
measurement) results. Apparently, for perceived distances and indicators such as openness, 
this high precision is not needed. One explanation could be that very small landscape 
elements that are registered by the scanner but are hardly visible by the eye are not important 
for perceiving openness.   
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Table 4.6. Pearson correlation between field openness and laser scan variables and isovist variables 
with a maximum radial of 1200 m. 
 Laser scan Isovist 
Minimum radial  0.495 0.681 
Maximum radial 0.721 0.789 
Average radial 0.940 0.914 
 
Field and 3-D model 
Ratings of openness based on field measurements were slightly higher for most locations than 
those based on the 3-D model (11 out of 13 locations were rated higher, with an average 
difference of 0.6 points). However, in general, openness perceived in the field was similar to 
openness perceived from the 3-D model (Figure 4.11). It seems therefore possible to derive 
openness from only distance cues (3-D model).  
Figure 4.11. Scatterplot with openness based on 3-D model and openness based on field data with a 
trendline with intercept = 0. 
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The question remains if it is possible to derive openness from the three variables. The 
perceived maximum line of sight from the field and the 3-D model has a R2 of 0.89, the 
average line of sight 0.86, and the minimum line of sight 0.65. The average and maximum 
line of sight were rated higher in the field than for the 3-D model, as with the openness rating. 
The minimum line of sight showed mixed results with some values higher and some lower.  
The fact that ratings in the field were generally somewhat higher than those of the 3-D 
model could have been due to the presence or absence of cues such as color, texture, and 
light. We showed some examples of locations illustrating differences between field and 3-D 
model values in Figure 4.12. Location 5 is one of the two locations where field openness is 
rated lower than 3-D model openness. In the field, the color of the ground plane is much 
darker, and the building is longer (Figure 4.12A). The fact that there is a building instead of 
natural objects such as trees might be of influence as well. However the height of the building 
in the 3-D model is overestimated and would decrease the rating of openness (Figure 4.12B), 
but apparently the effect is low. Location 6 shows a tree row, which is transparent, especially 
in winter time (Figure 4.12C). The Top10 Vector represents a tree row as a solid line and 
therefore the 3-D model shows a green wall (Figure 4.12D). As a result, location 6 is expected 
to have a higher openness rating for the field than for the 3-D model, which was confirmed by 
the results: the average openness rating for the field was 6.5 and for the 3-D model 5.6. These 
results were in line with the openness rating at location 6 as shown in Fig. 8. Based on isovist 
values, the rating of location 6 was expected to be lower than the rating of location 7 and 8. 
The last example, location 12, is a very open area, and the ground plane with linear elements 
of a waterway and a road increases the depth perception and therefore increases the value of 
the openness rating (Figure 4.12E). These linear elements are missing in the 3-D model 
(Figure 4.12F). 
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A: Field, location 5 B: 3d model, location 5
C: Field, location 6
E: Field, location 12
D: 3d model, location 6
F: 3d model, location 12
 
Figure 4.12. (A, C, E) Images of three locations taken in the field, and (B, D, F) images captured from 
3-D model video. 
Discussion and Conclusions 
Most of the variation in perceived field openness is explained by the average radial and the 
maximum radial of the isovist. With the isovist method, more variation of openness is 
explained than with the method described by Palmer & Lankhorst (1998). Ratings of the 
experiments were based on 13 locations which represent the full range of openness of Dutch 
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landscapes, although locations with variation in terrain height were excluded in advance 
because no information about terrain height was included in the model to calculate isovists. 
Nevertheless, spatial characteristics such as landscape openness are primarily determined by 
vertical landscape elements (Palmer, 1996; Simonds, 1998). Further research is needed for 
detailed information about the effect of terrain variation on perceived landscape openness.  
Landscape characteristics such as openness are not likely to be defined only from 
individual viewpoints, but also from routes or areas (Antonson et al., 2009). With 13 
individual viewpoints, we were not able to study the impact of the space around individual 
viewpoints and the impact of perceived change caused by locomotion. One option to obtain 
more viewpoints is the use of photographs instead of field visits because it is relatively easy to 
show many viewpoints to many participants. Whether surrogate techniques such as 
photographs are suitable depends on the objective of the validation, however (Coeterier, 
1983). For air quality, where the air quality within the viewing angle of the photograph 
represents the air quality of the total surrounding view very well, photographs are a suitable 
means to capture air quality (Stewart et al., 1984). Because of our focus on spatial 
characteristics, we decided that field visits were a necessary part of our research.  
Correlations between openness and isovist variables were high for group values, and 
somewhat lower for individual values. The reliability of openness ratings is higher than that 
of landscape values such as attractiveness or preference, and also higher than for openness 
ratings based on photographs (Palmer and Lankhorst, 1998). Other research shows that there 
are differences between groups, based for example on gender and expertise (Strumse, 1996), 
or between farmers and naturalists (Natori and Chenoweth, 2008). We did not find major 
differences between subgroups; participants were relatively uniform in age and education. 
However with 32 participants it was not possible to perform thorough statistics on subgroups 
of the Dutch population.  
The perceived variables maximum line of sight, average line of sight, and minimum line 
of sight showed similar correlations with perceived field openness as their measured 
equivalents for short and middle range distances. For long distances, the perceived values 
were significantly lower than the measured values, which is in agreement with the research of 
Gilinsky (1951). In contrast to other research, which suggests that space perception 
diminishes beyond measured distances of approximately 1200 m (Allen, 1970; Hull Iv and 
Bishop, 1988; Van der Ham and Iding, 1971), our results showed a threshold value of 
approximately 3500 instead of 1200 m for having an effect on openness ratings. 
Our results showed that metric distance measurements explain most of the variation of 
openness. They also show that not only distance variables, but also shape-related variables are 
related to openness, which is in line with findings for urban spaces (Stamps, 2005). However, 
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all these variables are measured in two dimensions in the horizontal field of view. Research 
on the relationship of openness with variables based on three dimensional space 
representations may explain more variation of openness, as Fisher-Gewirtzman & Wagner 
(2006) showed for urban areas. Based on our findings of the high correlations of the two 
dimensional measurements with perceived openness, the third dimension of space seems not 
highly important for the non-urban area.  
The effect of other, non-spatial cues such as color and texture also seem limited. The 
effect of temporally-changing cues was not taken into account. The field ratings were 
performed on one day, which is an advantage because differences between individual raters 
are thus minimized. However, the effect of temporal changes such as weather conditions or 
seasonal changes can be substantial when describing landscape characteristics (Ode et al., 
2008; Schouw et al., 1981; Tveit, 2009). The field experiment was performed during the 
winter when there are no leaves on the trees; such an experiment during the summer is 
expected to have more similarity with the topographic data, because elements are not 
transparent. Other temporal changes could be due to the time elapsed between the date of the 
experiment and the date of the creation of the topographic dataset used (approximately 4 
years). Some landscape elements could have been added or removed during this period.  
The precision of the topographic dataset, the Top10 model, was sufficient for calculating 
most of the isovists, although the absence of some elements in the topographic dataset caused 
differences between the measured and perceived space. Research on the effect of the Top10 
model lacking small scale landscape elements in order to describe landscape characteristics, 
demonstrates this problem (Oosterbaan et al., 2005). Very small objects detected with the 
laser scanner were in some cases too detailed and not recognized by the human eye. Therefore 
the information based on the Top10 model sometimes fit better with the perceived space than 
the information based on the scanner. The laser scanner is limited by its maximum measuring 
range of approximately 1400 m. As people’s perception is not limited to that distance, a 
device that could measure longer distances would be useful.  
Overall, we conclude that isovist measurements are a suitable means for describing 
perceived landscape openness. The explained variation of perceived landscape openness with 
only three isovist-based distance measures gives confidence in mapping perceived landscape 
characteristics with GIS. This paper illustrates that the input of a topographic dataset and 
parameters reflecting human vision can produce accurate descriptions of perceived landscape 
openness.  
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Introduction 
The need to protect and enhance landscape quality is now widely recognized and has been put 
onto European and national political agendas (Antrop, 2004; Council of Europe, 2000; 
Dramstad et al., 2006; Piorr, 2003; Wascher, 2000). Many new developments, such as urban 
and infrastructure projects and the expansion of large-scale agriculture, introduce many new 
elements into traditional landscapes, altering their visual appearance and perceived quality 
(Antrop, 2004; Nohl, 2001). Openness is often mentioned in policy documents as a key 
characteristic of traditional landscapes that is under particular threat from spatial 
transformations (Wascher, 2005). To monitor and evaluate the impacts of ongoing 
developments on openness and other landscape characteristics, there is an increasing demand 
for decision support systems that offer information on the visual quality of landscapes (Scott, 
2003; Tress et al., 2001). 
Although a significant amount of scientific research has been done on visual landscape 
issues, policy makers are still calling for information that is more useful and relevant to 
policy-making processes and that can make these processes more effective (McNie, 2007). As 
McNie (2007) has indicated, there is often a mismatch between the information that is 
produced by scientists and the information that is required by policy makers. In particular, 
policy makers may need information that is not available, or they may not be aware of 
existing information that is of use to them. This mismatch, or gap, between science and policy 
making involves differences in the scale at which phenomena are described by scientists and 
the scale at which information on these phenomena is needed by policy makers (Stevens et al., 
2007; Wu and Li, 2006). The aim of the research reported in this paper is to evaluate the 
practical usefulness of a GIS-based decision support model for monitoring and evaluating 
perceived landscape openness. This model consisted of a set of GIS-procedures developed 
specifically to meet the needs of policy makers.  
Bridging the gap: criteria for linking science to policy 
How can the gap between science and policy be bridged so that knowledge based on science 
can be used by policy makers? Analyses of the effectiveness of boundary organizations, 
which play an intermediary role between science and policy (Cash et al., 2003), have shown 
that a balance between policy relevance and scientific credibility is required if the gap 
between science and policy making is to be bridged (Keller, 2009). 
For an assessment to be relevant for policy making, it should address the questions and 
concerns raised by policy makers (Keller, 2009). With respect to the quality of natural 
environments, Jacobs (2005) suggested that the relevance of assessments depends to a large 
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extent on whether scientists are asking and answering the right questions, and whether results 
are provided at a scale relevant to management decisions. With respect to the relevance of 
agri-environmental indicators, Cash and colleagues (Cash and Buizer, 2005; Cash et al., 2003) 
make a distinction between salience, which deals with the relevance of the assessment to the 
needs of policy makers, and legitimacy, which reflects the perception that the production of 
information and technology has respected the divergent values and beliefs held by the 
stakeholders. 
Scientific credibility is based on the assumption that an assessment is politically neutral 
(Keller, 2009). In general, scientific credibility increases when information is more 
authoritative, believable, trusted and accurate (Cash and Buizer, 2005; Jacobs et al., 2005). 
Scientific credibility requires that information is based on sound science (OECD, 1999) and 
that data collection and analysis methods should be open to validation and replication (Doody 
et al., 2009).  
For a successful integration between scientific knowledge and policy making, scientists 
should generate information that is not only politically relevant and scientifically credible, but 
is also usable by policy makers and is in a form that can be implemented in the decision-
making process. Usable information is unambiguous and easy to understand and communicate 
(OECD, 1999), and at a level of detail that reflects a balance between simplification and 
complication (Singh et al., 2009). Moreover, flexibility is needed to adapt the terms and 
conditions for collecting information to meet local site requirements (Park et al., 2004). 
The feasibility of implementing information in the policy-making process has been 
formulated in terms of current or planned data availability and the cost-effectiveness of data 
collection (Doody et al., 2009; OECD, 1999). Another precondition is possessing the 
knowledge required to properly use and apply the information. 
In summary, there are well-established criteria available for evaluating the usefulness of 
decision support models at the interface between science and policy making. For the purpose 
of the current study we selected four criteria: relevance to policy making, scientific 
credibility, usability for policy makers, and feasibility for implementation.  
A GIS procedure to support decisions on perceived landscape openness 
So what do policy makers require from decision support models for monitoring and 
evaluating visual landscape quality? Two recent developments are of particular interest. First, 
policy makers have come to realize the need to include the perception of people in the 
decision-making process. This aspect of visual landscape assessment is included in the 
definition of landscape in the European Landscape Convention: ‘Landscape means an area, as 
perceived by people, whose character is the result of the action and interaction of natural 
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and/or human factors’ (Council of Europe, 2000). This definition implies that people’s 
perception of the landscape should be included in policy making. Second, environmental 
policy making is becoming increasingly dependent on a third wave of Geographic 
Information Systems (Roche and Caron, 2009), which can combine and analyse many 
datasets in a transparent way. These developments have created a demand for a new 
generation of decision support tools that are both realistic and technologically advanced.  
Recently, Weitkamp et al. (in press) have developed a procedure for monitoring and 
assessing landscape openness that aims to meet the requirements of policy makers. Landscape 
openness is a key aspect of many landscape characteristics, such as mystery and legibility 
(Herzog and Kropscott, 2004), and has often been found to be a predictor of landscape 
preference (Natori and Chenoweth, 2008). In many European countries openness has been 
recognized as important factor in assessing landscape quality (Wascher, 2005). For example, 
in the Netherlands the National Landscapes have been assigned core values related to their 
openness (Ministeries van VROM et al., 2007). 
The procedure developed by Weitkamp et al. (in press) aims to integrate scientific 
knowledge on landscape perception in a Geographic Information System (GIS). The basic 
assumption of modelling landscape openness is that the visible space is similar to perceived 
landscape openness. Based on the isovist concept of Benedikt (1979), a flexible procedure has 
been developed that calculates landscape openness variables from the perspective of people’s 
perception (Weitkamp et al., in press). It combines a high degree of realism and a high degree 
of generality, and is intended to be used by policy makers for a wide range of purposes. 
However, it needs to be evaluated to determine how useful it will be to policy makers. The 
objective of this paper is to evaluate the usefulness of the procedure for policy makers. In the 
remainder of this paper we refer to this procedure developed by Weitkamp et al as ‘the 
procedure’. 
Materials and Methods 
A workshop was organized in which scientists and policy makers were brought together to 
evaluate the usefulness of the procedure. Six actual landscape openness cases, which were 
provided by the policy makers themselves, were used to present and illustrate the procedure. 
The procedure was evaluated and discussed in a Group Decision Room (GDR) and the 
participants rated the procedure in terms of its relevance, usability, credibility and feasibility. 
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Cases 
The six cases of openness that were used to demonstrate the procedure are located in different 
provinces (regions) of the Netherlands (Figure 5.1). The first case is located in Friesland and 
concerns the unplanned, spontaneous growth of vegetation along the shores of several lakes, 
the Friese Meren, which is causing a reduction in landscape openness. In Friesland, openness 
is considered important from a cultural and historical point of view, as well as for natural and 
recreational values. The second case is located in the province of Groningen, near 
Winschoten, and concerns a very exposed area where the openness is under pressure due to 
the building of farmhouses. The third case is located in the northeast of the province of 
 
Figure 5.1. Locations of the cases 
Drenthe and concerns various landscape types, each with their own characteristic degree of 
openness, ranging from enclosed to open. The fourth case is located in Overijssel and 
concerns the area of Hezingen-Mander, which is has an enclosed character that needs to be 
protected. The fifth case is located in the Ronde Venen in the province of Utrecht and 
concerns the plan to build dikes in a very open fenland area. Various scenarios for the 
building of dikes have been drawn up, each with different impacts on landscape openness. 
The sixth case is located in the Krimpenerwaard in Zuid-Holland and concerns an area where 
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proposed habitat development projects will affect the openness of the area due to the growth 
of shrubs and bushes. 
Participants 
Eight policy makers (two women and six men) participated in the workshop. They were 
selected on the basis of three criteria. First, all the participants had to be professionally 
involved with landscape policies in the Netherlands. Second, these landscape policies had to 
be at the provincial level. In the Netherlands, where regional interests are paramount, regional 
authorities such as the provincial councils are to a large extent free to determine their own 
course of action. For example, they are responsible for drawing the boundaries of the National 
Landscapes and for implementing the policies and regulations that apply in these protected 
areas (Ministerie van VROM, 2004). A third criterion was that the competences and 
responsibilities of the policy makers should include policies concerning landscape openness. 
Three of the eight policy makers were landscape architects. Six were provincial employees at 
Groningen, Friesland, Drenthe, Overijssel, Gelderland and Zuid-Holland provincial councils, 
and all but the Gelderland policy officer provided a case from their province. The other two 
participants were employed by the Government Service for Land and Water Management 
(DLG), an agency of the Ministry of Agriculture, Nature and Food Quality (LNV), and 
provided the Ronde Venen case in the province of Utrecht. Thus, the participants’ work field 
covered 7 of the 12 provinces of the Netherlands, which include all Dutch landscape types 
except loess landscapes (only present in the province of Limburg, the utmost southern part of 
the Netherlands). 
Group discussion methodology 
The workshop was held in a Group Decision Room (GDR). This GDR is an ‘electronic 
meeting room’ that enables fast and efficient stakeholder dialogue with real-time exchange of 
opinions, feedback of results, brainstorming and discussions (Wardekker et al., 2008). In a 
GDR, the participants are seated behind computers connected through a network and arranged 
in a U-shaped single row. The chairs face a large-screen video display at the front of the 
room. This arrangement enables equal participation by all those involved, anonymous answers 
and responses to questions and propositions, and structured feedback on the answers. 
Moreover, all the typed input is collected and saved. Several studies have demonstrated the 
usefulness of GDRs (Rouwette et al., 2000). The workshop was led by a team of three 
supervisors: a researcher whose main role was to explain and clarify the method, a senior 
researcher who moderated the discussion, and a facilitator whose job was to ensure the proper 
functioning of the GDR equipment.  
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Evaluation method 
The workshop consisted of four parts: 
1. Introduction and definition of openness  
At the start of the workshop, the participants were asked to introduce themselves and 
to give a personal description of the concept of landscape openness. This made clear 
to what extent the participants agreed on the meaning of the term and highlighted the 
complexity of assessing landscape openness.  
2. Presentation of the procedure 
The procedure was explained to the participants in a PowerPoint presentation, which 
showed six aspects of the procedure, each of which includes various options. Each 
aspect was illustrated using images and data from the cases provided by the 
participants. The following aspects were presented: 
 Modes of perception: view from a point; view from a route; view of an area;  
 Variables of openness: size of the visible area; longest line of sight (the highest 
recorded value); distance to the closest object;  
 Visual limitations: horizontal viewing angle; maximum line of sight (maximum 
viewing distance); eye level; 
 Representation of the physical environment: digital elevation model and 
topographic dataset. Two Dutch datasets were used: the digital elevation map of 
the Netherlands (AHN) and Top10vector, a countrywide vector-based topographic 
dataset;  
 Characteristics of openness: average openness; variation of openness; exceptional 
openness;  
 Applications: description of the current state; monitoring change; comparing 
planning scenarios. 
See Weitkamp et al. (in press) for a more detailed description of these aspects of the 
procedure.    
3. Evaluation of the aspects 
Directly after the presentation the participants were asked to rate the usefulness of the 
six aspects on a Likert scale ranging from 1 (not useful at all) to 10 (extremely 
useful). They were then each given the opportunity to explain their ratings 
anonymously. These ratings and explanations were displayed on the screen. The 
participants could then react to these ratings and explanations. 
4. General evaluation of the procedure  
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After the independent ratings of the various aspects and possibilities, the procedure as 
a whole was evaluated against the four selected criteria.  
 Relevance: does the procedure offer information that is relevant to policy making? 
 Credibility: does the procedure provide a true picture of landscape openness? 
 Usability: is the information unambiguous, and is it easy to use, interpret and 
communicate? 
 Feasibility: are there opportunities to implement the procedure in your 
organization, and are there any constraints on its implementation? 
The participants were asked to rate the procedure against each of the criteria on a 
Likert scale ranging from 1 to 10, where 1 is not relevant, usable, credible or feasible 
at all and 10 is extremely relevant, usable, credible or feasible. The participants were 
then given an opportunity to explain their ratings and discuss their answers.  
The duration of the workshop, including a break, was about three and a half hours.  
Results  
Definitions of landscape openness 
The participants held widely differing opinions on what openness is. Some emphasized 
the experience of tranquillity and spaciousness, or the perception of vistas. Others emphasized 
the physical environment, where landscape openness is the configuration of elements in 
space. Most of the participants qualified landscape openness as a characteristic that is valued 
depending on its context. It was mentioned that landscape openness is hard to assess, partly 
because it covers a broad category of issues and functions. Landscape openness was 
considered to be an umbrella term that encompasses many meanings and is often used without 
being specified. There was discussion about the question of whether landscape openness 
could be applied not only to natural and rural areas, but also to urban and peri-urban areas. 
Another point of discussion was the character of enclosed and small-scale landscapes. Are 
these landscapes that possess a low degree of openness, or landscapes with a different 
characteristic than openness? The differences in the conceptualization of openness between 
the participants were reflected in the cases, which emphasized different interpretations of 
openness.  
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Figure 5.2. Mean ratings (1–10), with standard deviations, of the usefulness of the six aspects of the 
procedure. The graphs depict the frequency distributions of the ratings (x axis) for each option. 
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Evaluation of the usefulness of the aspects of the procedure 
The results of the evaluation of the six aspects are presented quantitatively in Figure 5.2 and 
qualitatively by summarizing the comments of the participants for each aspect (below). In 
general, the explanations that were provided for the ratings were given from two perspectives. 
Some participants took the applicability and usefulness of the procedure for policy making as 
a starting point; others based their comments on the accuracy of the simulation of the 
perception of users. In summarizing the discussions, we have tried to accurately represent 
both perspectives. 
Modes of perception 
The usefulness of each of the three modes of perception was rated well above the mid-point of 
the scale. According to the participants, the degree of usefulness depends primarily on the 
context in which landscape openness needs to be assessed. The view from a point received the 
lowest score, which was 6.29. This mode of perception was considered to be of limited 
applicability because it can be used only for very low-level local tasks. An example is given 
in Figure 5.3. The view from a route received a score of 7.29. The modelling of openness 
based on movement was considered to be important because landscapes are usually viewed 
while walking, cycling or driving. It was suggested that this mode would be used for 
analysing recreational routes or when planning new infrastructure. The view from a route was 
considered to be especially useful if the variation in openness is important. An example of the 
view from a route mode is given in Figure 5.4. The view of an area received the highest score 
of 7.57. This mode of perception was thought to be useful for generic purposes. Moreover, it 
was considered useful for recording openness for administrative units, such as municipalities, 
or landscape units, such as polders. An example of the view of an area is given in Figure 5.6. 
The usefulness of assessing the view of an area was questioned by one of the participants, 
who considered it to have limited validity because people are unable to perceive an entire area 
at once. Another participant questioned the method of deriving the view of an area from the 
view from a point and view from a route modes because the number of choices that have to be 
made for each of the aspects related to perception introduces a high degree of uncertainty. 
Variables of openness 
The usefulness of each of the three ways to model openness was also rated above the mid-
point of the scale. The size of the visible area was clearly considered most useful. It received a 
mean score of 8.00, with a standard deviation 0.76, reflecting the large degree of consensus. 
The participants considered the size of the visible area to be the most intuitively appropriate 
representation of openness and easy to communicate to other stakeholders. Another advantage  
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Figure 5.3. The case study area of Ronde Venen, Utrecht, is characterized by its polders, which have a 
high degree of openness. The development of natural habitats will require the construction of dikes to 
regulate the water table. Various scenarios for the location of dikes have been developed, one of which 
is shown in Figure 5.3A. The background shows the height model of the landscape, the whiter areas 
representing higher height values and the darker areas representing lower height values. The policy 
question is how the dikes affect the openness of the landscape. The visible space from one viewpoint 
on the road, in the centre of the polder, is shown for the current situation in Figure 5.3B. The viewing 
angle is 360 degrees and the maximum line of sight is 3000 metres at an eye level of 1.6 metres. In the 
possible new situation the same viewpoint is located on the planned dike and the visible space is 
therefore larger than in the current situation (Figure 5.3D). However, the visible space decreases 
dramatically when located on a road next to the dike (Figure 5.3C). This example illustrates that the 
exact location of the viewpoint is important when drawing conclusions about the effect on openness.  
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that was mentioned was that the size of the area indirectly includes the other two variables 
(longest line of sight and distance to the closest object). Most participants indicated that the 
longest line of sight was only incidentally useful. Its mean score was 5.71. One participant 
suggested using it for evaluations of landscape plans. For landscapes with small-scale 
openness, the longest line of sight was considered useful for detecting unwanted gaps. 
However, according to some participants this variable is too sensitive to accidental high 
values that do not reflect landscape openness per se. A similar complaint was made about 
accidental low values for the distance to the closest object. This method of modelling 
openness received a mean score of 5.71, but with a high standard deviation (1.98). Some 
participants judged it to be too abstract for use in a policy report, but others considered it to be 
a useful addition to the size of the visible area for assessing openness.  
Visual limitations 
The participants considered the viewing angle method of modelling visual limitations to be 
the best, awarding it a mean score of 7.13, with a standard deviation of 0.83. A limited 
viewing angle could be used in cases in which perceptions of openness are required for 
different activities in the landscape, such as walking, driving a car or travelling by train. For 
example, a viewing angle of 120 degrees was used in the Groningen case (Figure 5.4). One 
participant noted that with a limited viewing angle, such as 120 degrees, the remaining angle 
(240 degrees) could still affect the perception of openness. A weighting of angles was 
therefore suggested. The function for selecting different values for eye level when modelling 
visual limitations received a mean rating of 6.63, with values ranging from 2 to 10 (standard 
deviation 2.83). For some participants it was highly relevant to accurately simulate the actual 
field of view of people in the landscape. Values for eye level can be related to specific 
activities to analyse the impact of these activities on landscape openness. This is illustrated by 
the Friese Meren case (Figure 5.6). Other participants did not consider eye level to be relevant 
at all because the impact of changing the eye level on perceived openness was assumed to be 
negligible. The option of setting a value for the maximum line of sight was, on average, not 
found to be very useful (mean score = 5.86, standard deviation = 2.41). One reason for the 
low score was that the participants did not see a clear reason for accurately simulating the 
limits of the maximum perceived distance. The possible added value for policy making was 
also unclear. Some participants thought it would be useful for design rather than policy 
making. 
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Representation of the physical environment 
The digital elevation model AHN (mean score = 7.63, standard deviation = 2.20.) and the 
topographic dataset Top10vector (mean score = 6.63, standard deviation = 0.92) were both 
considered to be useful for measuring landscape openness. The added value of using the 
elevation model was appreciated for hilly areas (as far as these are present in Dutch 
landscapes). There was no agreement on the impact of micro relief on openness. Some 
participants thought it would have no impact at all, while others found it very important for 
the perception of openness. 
Top10vector was considered the best topographic dataset currently available. The dataset 
was judged by the participants to be reliable for large features such as forests, although they 
felt that the precision and accuracy of some elements need to be improved. For example, 
landscape elements such as electricity masts, reed and shrubs, and temporal crops such as 
maize are not recorded, and in the Friese Meren case it was not possible to derive a 
representation of spontaneous vegetation growth using only the Top10vector (Figure 5.6). 
Moreover, information about the transparency of objects such as tree rows is missing. In 
general, the data produce crisp and regular boundaries, whereas these are irregular and fuzzy 
in the real world.  
Some participants used aerial photographs to compensate for the information not 
contained in the Top10vector data. However, all the participants agreed on the need for field 
visits. Even if better data become available in future, they agreed that field visits will still be 
inevitable at some stage in the process of landscape planning and policy making.  
Characteristics of openness 
The participants found the mathematical basis of the characteristics of openness to be useful 
for the development of standards and thresholds to decide whether to allow certain landscape 
changes or not. All three possibilities – average openness, variation of openness, and 
exceptional openness – were rated similarly, with mean values of 6.63, 6.75, and 7.13 
respectively.  
The average openness was considered useful for distinguishing and assessing landscape 
types. The average openness for views from roads depends on which roads are selected, 
which the participants considered subjective. Average openness was also seen as a 
characteristic that is easy to communicate to others. According to one of the participants, 
average values do not relate to perceived quality of openness and are therefore not suitable as 
a guideline for openness. The average values were not considered to be useful for monitoring 
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changes because small changes do not affect the average value of a large area; the scale of the 
changes would not be compatible with the scale at which the average values are applied.  
Variation of openness was found to be especially useful for routes and it was considered 
important for simulating the experience of landscape openness. Assigning fixed values to the 
variation of openness was thought to be difficult, though. For some, the variation of openness 
was most important, while others considered it to be only useful for specific purposes, such as 
visual reports.  
Exceptional openness was thought to be useful only for visualizing specific cases, such as 
tourist attraction with an exceptional view. It was also considered useful for analysing the 
impact of landscape change. The participants said it would also be useful for detecting 
locations with a prominent value of openness. Some participants suggested that exceptional 
openness could be used in both planning and design.  
Applications 
The three proposed applications received relatively high scores from the participants. For 
planning scenarios and current state the mean score was 7.75, but there was greater consensus 
on the value of the procedure for comparing planning scenarios. The score for the monitoring 
changes was 7.63.  
Some participants considered the procedure to be very useful for describing the current 
state in order to define characteristics and make an inventory of the characteristics of an area. 
Other participants said they would only use a description of the current state in combination 
with aerial photographs or field visits. Two participants preferred to use other methods to 
describe the current state, such as pictures or field visits. One of the characteristics of 
openness is that it gradually changes, which is not easily noticed in reality, and when these 
changes are eventually noticed it is too late for policy makers to take action. This instrument 
was therefore considered to be important for monitoring changes. Moreover, the participants 
thought it would be helpful for evaluating policies and for clearly visualizing the effect of a 
plan. According to one of the participants its usefulness depends on the time scale. There was 
general agreement that scenarios are useful for analysing and visualizing the effect of various 
changes. 
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Figure 5.4. The case study area of Winschoten, Groningen, is characterized by a contrast between 
large-scale open landscapes and enclosed landscapes. The open character is under threat, one of the 
reasons for this being the relocation of farm buildings from small settlements to the open agricultural 
areas. Figure 5.4A shows an example of recently built farmhouses. The provincial policy makers want 
to know the effect these buildings have on landscape openness. The calculation of the visible space is 
based on views from the road along which the buildings are located. To simulate the perception of 
openness during movement, viewpoints were fixed at 100 metre intervals along the road in the old 
situation (4C) and the new situation (4D), with the viewing angle set at 120 degrees in a southeasterly 
direction. The difference in visible space between the old and the current situation is shown in Figure 
5.4B. The difference is not big, partly because there were already some buildings and a patch of forest 
located along the road. The differences in openness at other locations on the road are even smaller 
because the road starts and ends in an enclosed area. The contrast between the enclosed areas and the 
open area along the road decreased slightly, but would still be perceived.  
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Figure 5.5. General evaluation of the procedure for relevance, usability, credibility and 
feasibility. The graphs depict the frequency distributions of the scores. 
General evaluation  
The entire procedure was rated quantitatively and qualitatively for relevance, usability, 
credibility and feasibility. The mean ratings for each criterion (with their standard deviations 
and frequency distributions) are presented in Figure 5.5. The qualitative comments provided 
by the participants are summarized below. These comments were collected from the entire 
workshop because some comments during the first part of the workshop were related to the 
four criteria. 
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Relevance 
Of the four general evaluation criteria, relevance was rated the highest, with a mean score of 
7.63 and a low standard deviation (0.52).The comments and discussion on the relevance of the 
procedure led to the identification of five ways in which the procedure meets the criterion of 
relevance.  
First, the relevance of assessing landscape openness itself was recognized. All the 
participants, including three who mentioned that they already used other methods, felt the 
need to assess openness. This was confirmed by the cases they submitted for the workshop, 
which specifically concerned landscape openness issues which they were not able to address 
properly. According to one of the participants the relevance of assessing openness is also 
recognized by national and international authorities. Openness is defined as one of the core 
qualities of Dutch national landscapes, and many other European countries also consider it 
relevant to measure openness. The participants were aware that measuring a single landscape 
characteristic, such as openness, is insufficient for capturing the entire landscape quality; 
naturalness, accessibility, and cultural and historic elements contribute to landscape quality as 
well. 
The second aspect of the procedure which makes it relevant is the fact that people’s 
perceptions are explicitly taken into account. The participants indicated that such procedures 
are currently not available to them, although the Dutch government highlights quality of 
perception as one of the four key dimensions of landscape quality, besides cultural and 
historical quality, accessibility and natural quality. Some participants used the ‘zero 
measurement’ method from the Compendium voor de Leefomgeving (Environmental Data 
Compendium) to assess openness. This method measures the degree of openness by counting 
vertical landscape elements in each square kilometre (Dijkstra and Lith-Kranendonk, 2000). 
The inclusion of people’s perception in the measurement of landscape openness was 
considered to be an improvement. 
Third, the procedure was thought to be relevant because it can be used to develop 
valuation standards for openness. Although the procedure does not provide predefined 
standards for determining whether there is ‘enough’ or ‘too little’ openness, the participants 
agreed that the procedure would be helpful in developing these. They also noted that it was 
not acceptable to have a computer program create these valuations because this depends 
strongly on the context. There was a discussion on whether valuations should be included as a 
standard element in a procedure. This could increase the relevance of such a procedure, but 
may also decrease its credibility.  
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Fourth, the procedure was judged to be relevant for linking functions to perception. The 
procedure makes it possible to identify perceived openness for activities such as driving a car 
and enjoying the view from a viewpoint, which is useful for policy making. The modes of 
perception and visual limitations functions were generally appreciated by the participants 
because they make the procedure flexible enough to be applied to local situations. They also 
agreed that guidelines based on scientific research were indispensable for its proper use.  
The fifth reason for the relevance of the procedure is the fact that it can be used for 
various applications. This not only allows policy makers to get a better grasp of the effect of 
changes on openness, but it was also expected to support the communication of information 
about openness to stakeholders, such as other governmental organizations at different levels. 
The procedure was also considered to be useful for participatory planning because it is easy to 
generate visual impressions of openness and the effects of certain landscape changes on 
openness.  
Credibility 
The mean credibility score was 7.57, with all scores 7 or higher. The comments and 
discussion on the credibility of the procedure can be summarized in four points.  
 First, the procedure was considered to be credible because it was clear and transparent. 
Participants considered the procedure much more credible than multicriteria analysis, for 
example, which was compared with a ‘black box’.  
Second, the isovist technique which is used to calculate the visible space was considered 
to be an intuitively good representation of landscape openness. Some participants did not 
think that the longest line of sight and distance to closest object were related that much to 
openness. The parameters used to simulate various modes of perception and visual limitations 
were appreciated as a useful way to include perception in policy making.  
Third, the input data, the AHN and Top10vector, were the best data currently available, 
but are not yet detailed enough to accurately represent some elements. Although some 
improvement is possible, the participants agreed that the procedure could never entirely 
replace other methods of collecting information, such as field visits, no matter how accurate 
and precise the input data. However, because policy makers are likely to differ in their 
landscape perceptions from the general public, the use of more representative tools that can 
make policy makers aware of their biases was considered to be very important.  
Fourth, some participants indicated that the credibility of the procedure could be 
improved by including parameters related to people’s cultural background or living 
environments. These parameters would primarily affect their preference for a certain degree 
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of openness. Among the participants of the workshop there was general agreement on the 
complexity of developing a procedure for assessing preferred openness.  
 
Figure 5.6. The case study area of the Friese Meren in the province of Friesland is characterized by its 
open landscapes. However, the spontaneous growth of vegetation around the lakes is reducing the 
openness of the landscape. The effect of the vegetation growth has to be assessed. The exact locations 
of the vegetation growth were not known, and the Top10vector may not show all this vegetation. We 
selected the vegetation within 50 metres of the shores of the lakes and designated it as spontaneous 
vegetation (Figure 5.6A). We calculated the visible space for every location in the area based on a 
100-metre grid. The viewing angle was set to 360 degrees and the eye level was set to 1.6 metres on 
the land and 1 metre on the water (Figure 5.6B). A change in eye level can have a large effect on the 
openness. For example, the values for openness change dramatically when the eye level on the water is 
raised to 2 metres (Figure 5.6C). The effect of the vegetation on openness can be seen by comparing 
Figure 5.6C with 5.6D, in which the vegetation has been removed. The difference between the 
openness with vegetation (5.6C) and without vegetation (5.6D) is shown in Figure 5.6E. 
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Usability 
The usability of the procedure was awarded a mean rating of 7.13, ranging from 5 to 8. The 
comments and discussion on usability can be summarized in three points.  
First, the procedure is a usable instrument because of its transparency, which makes it 
possible to interpret the outcomes in an unambiguous way. The measured visible space is a 
usable basis for communicating landscape openness with other stakeholders because it is 
based on a simple and clear concept.  
Second, the flexibility of the procedure, which allows for the selection of various modes 
of perception and other parameters for the visual limitations related to various activities, 
contributed much to its usability. However, a guideline on how to make use of these options 
was considered to be necessary for proper use.  
Third, some participants observed that the map visualizations of openness need some 
improvement according to some participants. Interpretation of the information in the proper 
context would be improved by the addition of clear visual markers to pick out landscape 
features such as roads or city boundaries. A point of discussion was the design of symbols and 
the information given in the legend. Some participants wanted a standardized value for 
openness to enable better comparison, for example between high openness in one case with 
high openness in another case. 
Feasibility 
The participants awarded the procedure a mean rating of 7.50 points for feasibility. The 
comments and discussion on the feasibility of the procedure can be summarized in three 
points.  
First, the procedure employs widely used software and data and fairly simple techniques 
within GIS to do the measurements. This was appreciated by the participants. However, the 
whole process was not yet automated and ready to be implemented in ArcGIS, the GIS 
software in use at the organizations where the participants are employed. The participants 
indicated that there is sufficient knowledge of GIS in their organizations to use the procedure 
if it could be implemented in ArcGIS. As their organizations do not have the necessary 
knowledge about landscape perception, and therefore about parameter values such as the 
viewing angle and the maximum line of sight, a guideline for the proper use of all the options 
related to different types of perception is required.  
Second, the data which was used for the procedure, the AHN and Top10vector databases, 
were available to the participants. If such a procedure were to be used at the European level, 
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data availability would be a major issue, because at this level such high resolution topographic 
datasets and elevation models are not available.  
Third, having enough time and money is also a precondition for the feasibility of the 
procedure. The participants indicated that this would not be a problem, given that information 
about openness can be generated relatively quickly and at low cost. This is especially true in 
comparison with other procedures for including perception in policy making, such as surveys. 
Reflection 
Reflection on the evaluation results 
The results of the workshop show that landscape openness is a relevant characteristic for 
policy makers. Measuring a single landscape characteristic, such as openness, instead of the 
entire landscape has been criticized because people do not experience the distinctive aspects 
of landscapes separately, but as a whole (e.g. Coeterier, 2000). We acknowledge that it is 
necessary to use complementary measurements to grasp the entire character of the landscape. 
Landscape openness is related to a number of experiential qualities, such as legibility (Herzog 
and Leverich, 2003), mystery (Lynch and Gimblett, 1992), tranquillity (MacFarlane, 2005), 
and visual accessibility (Herzog and Kropscott, 2004). The procedure could be adapted and 
extended to include such perception-based characteristics. 
The way in which the procedure facilitates the inclusion of landscape perception into 
policy making was appreciated and found to be relevant. This is in line with the definition of 
landscapes in the European Landscape Convention, which also includes perception (Council 
of Europe, 2000). The perception-based, bottom-up approach of the procedure needs to be 
linked with top-down interpretations based on European data (Wascher, 2003). However, as 
yet there is no clear method of integrating perception-based openness at local and regional 
levels with national and international levels. A current method that describes landscape 
characteristics covering the whole of Europe, LANMAP (Mücher et al., 2010), does not 
include perception-based data. 
The procedure enables the flexible use of data, allowing decision makers to use raw data 
directly and adjust the analysis to meet their specific needs. Although we thought that the 
participants would prefer predefined classifications of openness, they actually appreciated the 
flexibility and adaptability of the procedure. However, guidelines are needed to enable users 
to make proper use of the various options and flexible parameter values. For example, policy 
makers may not know which angles of view are appropriate for specific activities. Not only 
are such parameter values not predefined in the procedure, but the valuation of openness is 
also not included in the procedure. Although valuation is an important aspect of decision 
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making (Termorshuizen and Opdam, 2009), the participants did not mention it as a 
requirement for the procedure. They found the procedure helpful as an input to the process of 
formulating openness values. Furthermore, they said they would question the credibility of the 
procedure if values of openness were predefined.  
The information derived from the procedure was considered to be useful for compiling 
descriptions of the actual openness of landscapes: what is the current state of openness, how is 
openness changing, and what is the impact of certain landscape change on openness? When 
answering the last question, the procedure was not considered to be easy to use for scenarios 
where there is no explicit spatial input available. For example, in the Krimpenerwaard case 
(Zuid-Holland), the scenarios show a 5 or 10 per cent increase of bushes and trees, without 
indicating where these are located. As the procedure requires exact locations of physical 
objects, random locations were used in this case. The procedure works well for scenarios with 
explicit spatial information, such as the development of dikes in de Ronde Venen (Figure 
5.3). 
The procedure can be used to improve communication between stakeholders. Definitions 
of landscape openness are often not clear, which makes communication about openness 
complex and fuzzy. Moreover, openness is a key feature for many qualities and functions of 
landscapes (Fry et al., 2009). For example, in Friesland, landscape openness is important for 
birds, recreation, and cultural and historical values. The procedure is expected to be useful for 
all the aspects and therefore an appropriate instrument for integrative use. The procedure may 
also add value to participatory planning processes by improving communication between 
policy makers and the public. The visualizations are easy to understand and will probably be 
usable by the public as well.  
The workshop participants clearly stated that they would use other sources of information 
as well as information derived from the presented procedure to assess openness. The added 
value of using various sources of information on visual impacts is underlined by other 
research, for example by Gulinck et al (2001) and Ode et al (2010).  
Reflection on the evaluation method 
Within the scientific domain, few evaluations of methods used to support decision-making 
concerning the visual landscape have been based on the input of end users. Methods for 
monitoring landscape change (Dramstad et al., 2002), viewing quality ratings of landscapes 
(Germino et al., 2001), mapping landscape values (Gulinck et al., 2001), developing 
indicators for assessing changing landscape character (Van Eetvelde and Antrop, 2009), 
evaluating visible spatial diversity in the landscape (Palmer and Lankhorst, 1998), 
characterizing natural landscapes (Brabyn, 2005) and assessing the public perception of 
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landscape (Scott, 2002) have all been developed by scientist for end users, such as policy 
makers and planners, but have not yet been evaluated using input from end users. We could 
not find any papers on evaluating the use of similar procedures, methods or models by policy 
makers. Such evaluations probably do exist, but if so they do not appear to have been 
presented to the scientific community in peer-reviewed journal articles. Although some of the 
previously mentioned methods have been evaluated using expert knowledge, these 
evaluations tend to be too generic and do not provide much useful feedback for improving the 
methods. 
Involving policy makers in the process of developing procedures by scientists has an 
added value for several reasons. It increases trust between policy makers and scientists, which 
is one of the preconditions for improving the interface between science and policy making 
(Tress et al., 2005). It also increases the accessibility of scientific knowledge to policy 
makers, and makes them more aware of the current possibilities and limitations. By 
communicating with policy makers, scientists may also become more aware of the 
requirements and needs of policy makers (Holmes and Clark, 2008). Effective communication 
between the two groups was stimulated in the present workshop by asking the participants to 
submit a case representative for openness issues within their own work. This enabled the 
authors to become acquainted with concrete practical issues, and allowed the participants to 
evaluate the procedure directly, based on their own cases.  
The workshop was held in a Group Decision Room (GDR), which encouraged all the 
participants to respond. Although the workshop was structured by asking participants to rate 
the procedure according to certain specified aspects and criteria, the participants had the 
opportunity to discuss the results and their explanations. This is an advantage over electronic 
surveys, which do not permit any interaction between participants. A disadvantage of the 
GDR could be the restricted number of participants. 
The workshop yielded qualitative and quantitative results. The qualitative results, based 
on recorded statements, discussions and verbal explanations, were summarized and analysed 
by the authors, but not analysed using a systematic and objective protocol, such as content 
analysis. The quantitative results, based on the ratings, were objectively summarized and 
analysed to produce descriptive statistics. The combined interpretation of the qualitative and 
quantitative results provided more objective information to support the rather subjective 
qualitative information.  
The moment of evaluation of the procedure had consequences for the design of the 
workshop. We decided to evaluate the procedure immediately after its development, but 
before implementation in the policy making process. This enabled us to test the usefulness of 
information about openness based on scientific research instead of the demands for 
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information about openness made by policy makers. At the same time, evaluating the 
procedure at this stage involves policy makers in the development of the procedure before 
implementation, which increases their trust in the quality of the procedure and introduces 
additional possibilities for improving the procedure before implementation. 
The results of this exploratory first evaluation indicate the need for further, more refined 
evaluations. For example, more thorough evaluations are needed to ensure that the 
participants understand the whole procedure and know all the advantages and disadvantages. 
These could include a ‘hands-on’ workshop in which participants actually apply the procedure 
to their own cases. In addition, a post-implementation evaluation could be held to analyse the 
benefits of the presented procedure compared with currently used procedures and models.  
In general, the current study shows that explicit evaluations of the usefulness of GIS-
based tools can aid integration at the science–policy interface and help to ensure both 
scientists and policy makers are fully informed of all the scientific and societal options and 
requirements. 
Conclusions 
The policy-making value of a GIS-based procedure for assessing perceived openness was 
evaluated in a workshop with policy makers. The procedure was considered to be relevant, 
credible, usable and feasible to implement. The application of these criteria resulted in a 
pragmatic and realistic approach which is capable of representing essential aspects of 
perceived landscape openness.  
The results confirmed that it is useful to include perception in landscape policy making. 
Information about the interaction between people and their environment should be available 
when assessing landscape characteristics. The participating policy makers did not yet have 
suitable instruments available to achieve this. The presented procedure was considered to be a 
starting point in finding the information they need.  
Furthermore, the results confirmed that landscape openness is a relevant landscape 
characteristic for policy makers, but that its meaning is not unambiguous. The cases show a 
wide variety of situations in which openness is important. A method that reflects a consensus 
about the steps to be taken to describe openness was therefore appreciated.  
The policy makers who participated in the workshop appreciated the flexibility of the 
procedure, which provides options for measuring openness for various modes of perception. 
Instead of using predefined generic openness values, users of the procedure are encouraged to 
define values themselves for specific cases.  
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The procedure could be useful for participatory planning and communicating with other 
stakeholders because the concept of measured visible space intuitively corresponds to 
openness. Moreover, openness can easily be visualized. The information derived from the 
procedure is therefore suitable as a starting point for discussions on the effect of landscape 
changes on openness or discussions about planning scenarios with stakeholders.  
The policy makers suggested that further research should explore the possibilities for 
using alternative datasets that can provide more detailed inputs, the development of guidelines 
for the proper use of openness values, and the development of procedures for other landscape 
characteristics.  
The procedure can aid integration at the science–policy interface and help to ensure both 
scientists and policy makers are fully informed of all the scientific and societal options and 
requirements. Eventually, this may help to provide greater transparency and accountability in 
environmental decision making. 
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In the previous chapters of this thesis, a procedure to assess perceived landscape openness 
was presented, validated, and evaluated. This final chapter provides a synthesis of all previous 
chapters and consists of three sections. First, the main objectives of the research are revisited 
and the achievement of these objectives is examined. In the second section, the implications 
of the research outcomes are reflected upon. The third and final section gives an overview of 
directions for future research. 
Revisiting the objectives 
The first objective of this thesis was to develop a procedure to assess perceived landscape 
openness. The second objective was to validate the use of isovist measurements for assessing 
perceived landscape openness. The third objective was to evaluate the usefulness of the 
procedure for landscape policy makers as the end users of the procedure.  For each of these 
objectives, the accomplishments will be explained, based on the results of the previous 
chapters.  
Developing a procedure to assess perceived landscape openness 
The quantification of landscape characteristics with visibility measurements based on geo-
data enables spatial planners and policy makers to include visual perception in landscape 
research. Current improvements in measurement techniques, enabled by GIS, and the 
availability of highly detailed topographic data make it feasible to describe the visual 
landscape with a high degree of realism, while making few concessions to generality and 
objectivity. The presently developed procedure that is described in Chapters 2 and 3 of the 
present research takes advantage of these improvements to produce a description of landscape 
openness that is grounded in human perception. Human perception of landscape openness 
involves the interaction between people and their environment. Therefore, the estimation of 
landscape openness was based on the measurement of the visible space from a point of view 
(isovist). The visibility of space is determined by the physical environment and limitations of 
people’s vision. The physical environment is modelled with a combination of a high 
resolution topographic dataset and a digital elevation model. Limitations of people’s vision 
are modelled by means of parameters that can be adjusted to simulate different modes of 
perception. Instead of using generic pre-defined values, users of the procedure are encouraged 
to define parameter values themselves, depending on the mode of perception they are 
interested in. This procedure only provides a description and not an evaluation of perceived 
landscape openness. However, the described degree of openness can be used by policy makers 
and other users to evaluate whether the actual degree of openness corresponds to the preferred 
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degree of openness. The balance between a high degree of realism and a high degree of 
generality ensures a procedure that is flexible and can be used for a wide range of purposes by 
policy makers and planners at various levels. 
Validating isovist measurements for the prediction of perceived landscape openness 
To gain more insight into the validity of the procedure, the model’s computation of the visible 
space with isovists was compared to landscape openness as perceived by observers in actual 
field settings. The results of this validation test are described in Chapter 4. Three isovist 
variables were selected for comparison with field judgments: the average radial, the maximum 
radial, and the minimum radial. The precision of the topographic dataset, the Top10 model, 
was sufficient for calculating most of the isovists. Thus, data availability did not present a 
major threat to the validity of isovists as measurements of perceived landscape openness.  
The validation test also showed that most of the variation in perceived landscape 
openness in the field can be explained by the average radial and the maximum radial of the 
isovist. The perceived equivalents of the isovist variables, the average line of sight, maximum 
line of sight, and minimum line of sight all correlated well with perceived landscape openness 
in the field for short and middle range distances. For long distances, the perceived values were 
significantly lower than the measured values, which is consistent with the seminal research of 
Gilinsky (1951). In contrast to other research, which suggests that space perception 
diminishes beyond measured distances of approximately 1200 meters (Allen, 1970; Hull Iv 
and Bishop, 1988; Van der Ham and Iding, 1971), the results of the validation study indicated 
a boundary value of approximately 3500 instead of 1200 meters as having measurable effects 
on openness ratings.  
In general, the results showed that spatial measurements as provided by isovists can 
explain a large part of the variation in perceived openness. Other, non-spatial cues such as 
color and texture appear to have only a limited influence. The influences of temporally-
changing cues, such as atmospheric conditions, on perceived openness were not taken into 
account. However, because all field ratings were performed on one day, the influences of 
these cues were minimized in the validation. 
Although the validation study suggests that isovists provide a useful means for measuring 
perceived landscape openness, the results are only preliminary and should be interpreted with 
caution. The validation test was limited to 13 individual viewpoints. Other modes of 
perception, such as the view from a sequence of points, were not validated. Moreover, the 
viewpoints were located in non-urban, relatively flat areas. The outcomes of the validation 
may therefore not apply to other types of more urban or hilly landscapes. Another limitation 
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concerns the representativeness of the sample, which consisted only of Dutch students. Social 
and cultural differences were not taken into account. 
Despite these limitations, the validation study provides sufficient grounds for concluding   
that isovist measurements are a suitable means for describing perceived landscape openness. 
The large amount of explained variation in perceived landscape openness with only three 
isovist-based distance measurements gives confidence in the capability of GIS to accurately 
map people’s landscape perceptions. With the input of a topographic dataset and parameters 
reflecting people’s vision, accurate descriptions of perceived landscape openness can be 
produced.  
Evaluating the usefulness of the procedure for landscape policy makers 
The usefulness of the procedure was evaluated in a workshop with policy makers, as 
described in Chapter 5. The procedure was found relevant, credible, usable, and feasible to 
implement. The results from the workshop confirmed that policy makers consider it important 
to include the visual landscape in policy making. They agreed that the reflection of the 
interaction between people and their environment should be a part of the assessment of 
landscape characteristics. The policy makers did not yet have suitable instruments available to 
achieve this. The procedure for measuring perceived landscape openness that was presented to 
them in the workshop was considered a good starting point to obtain the information they 
need.  
The results of the workshop also revealed that although perceived openness is a relevant 
landscape characteristic, its meaning is ambiguous. The cases which the policy makers 
provided for the workshop showed a wide variety of situations in which openness, or its 
counterpart, enclosedness, is at stake. A method to achieve a consensus on the parameters 
constituting perceived openness was much appreciated. Policy makers indicated, however, 
that they did not want a model with fixed values for the openness parameters. Instead, they 
appreciated the flexibility of the procedure, with its options to measure openness through 
various simulated modes of perception, as was demonstrated for several cases.  
According to the participants of the workshop, the procedure would be useful for 
participatory planning and for communication with other stakeholders, because the concept of 
measured visible space intuitively corresponds to openness. Moreover, the effect of landscape 
changes on openness can easily be visualized, and therefore the procedure provides a suitable 
instrument for discussing planning scenarios with stakeholders.  
Suggestions for further research provided by the policy makers concern the possibilities 
of using alternative, better input datasets, the development of guidelines for a scientifically 
Synthesis 
123 
sound use of openness values, and the development of procedures for other landscape 
characteristics.   
In summary, the results of the workshop with policy makers suggests that the procedure 
for measuring perceived openness can aid integration at the science-policy interface and may 
help to provide greater transparency and accountability in environmental decision making. 
However, further evaluation is necessary to gain more insights into the usefulness of the 
procedure after implementation in the policy-making process.  
Reflection 
This section contains a general reflection on the thesis. First, the implications and limitations 
of the expert- and perception-based approach for assessing landscape qualities are discussed, 
followed by some reflections on the importance of the cultural dimension for perceived 
landscape openness. Subsequently, possibilities for aggregating visibility measurements to 
large areas are given along with a discussion of the wider use of visibility measurements. 
Finally, consequences of the procedure to the policy and public are reflected upon. 
Perception-based and expert-based approach 
Landscape quality assessment procedures have traditionally been classified into two 
approaches, the objectivist approach which uses expert judgments to map physical features of 
the landscape and the subjectivist approach, using public judgment derived from surveys and 
questionnaires to map human perceptions of the landscape (Daniel and Vining, 1983). It is 
now generally acknowledged that landscape quality depends both on physical landscape 
features and perception on the part of the human viewer, thus emphasizing the interaction 
between people and their environment (Daniel, 2001). However, within different disciplines 
there is still a tendency to favor one approach over the other. The subjectivist approach has 
become the dominant approach in philosophy and the social sciences (Daniel, 2001; Lothian, 
1999). Landscape architecture and other spatial disciplines still rely heavily on the objectivist, 
expert-based approach. A major advantage of the latter approach is that no public judgments 
derived from surveys and questionnaires are required, which makes objectivist procedures 
more time and cost efficient. Moreover, the objectivist procedures link quality directly to data 
about landscape features such as land use and land cover, which enable policymakers to 
control landscape developments. However, because landscape quality depends both on 
landscape features and the perception of the human viewer, the guidelines provided by 
objective procedures may not accurately represent landscape quality as it is perceived by the 
public.  
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In this thesis, a systematic GIS-based procedure for measuring landscape openness was 
developed which takes advantage of both the objectivist, expert-based approach and the 
subjectivist, perception-based approach. The procedure is subjectivist because openness is 
explicitly modeled from the perspective of humans. Human perceptions are, however, not 
acquired by public judgments, but modeled on the basis of expert knowledge. The model 
provides exact estimates of possible visible space based on biological features of human 
vision, and physical features of the environment. In addition it estimates probable visible 
space by specifying modes of perception with corresponding visual limitations (Chapter 2). 
From the perspective of human perception, an important limitation of the model is that it is 
restricted to calculating visible space, whereas ultimately not what is visible, but what is seen 
indicate why people identify with landscape (Ervin and Steinitz, 2003). What is seen not only 
depends on human vision and modes of perception, but also on other dimensions such as 
shared cultural values and personal learning experiences, which may guide and filter people’s 
perceptions (Bourassa, 1990; Gifford, 1987).  
Cultural dimension 
The cultural dimension of perceived landscape openness is not addressed in this thesis. 
However, cultural values not only influence people’s perceptions of openness, they also play 
an important role in how openness is evaluated in policy making and society. Dutch policies 
for instance, define natural quality, cultural quality, and quality of use as the three major 
dimensions of landscape quality (Ministerie van LNV en VROM, 2006). The preferred degree 
of openness may differ across these dimensions. For example, from a user perspective, half-
open landscapes tend to be most preferred because these provide opportunities for 
understanding as well as exploration (Appleton, 1975). From a cultural perspective, however, 
extreme degrees of openness or enclosedness are often highly valued because these are 
markers of cultural values such as uniqueness and historical importance. Policy makers often 
take cultural values as a starting point for planning and decision making. They take a point of 
reference in the past to determine the current cultural value of landscapes. In The Netherlands 
for instance, 1900 has often been taken as reference year because it pre-dates the large-scale 
landscape developments of the twentieth century, such as urban sprawl, heath land 
reclamation, and land consolidation (Koomen et al., 2007). Based on such a reference year, a 
high degree of openness is preferred for one landscape type and a low degree of openness for 
another. As pointed out before, the procedure presented in this thesis does not assume fixed 
relationships between degrees of openness and landscape quality. The procedure merely 
provides an instrument for refined and accurate measurements of varying degrees of 
perceived openness, from enclosed to open. It can also distinguish subtle differences between 
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degrees of perceived openness, and describe transitions from enclosed to open. As such, the 
procedure is not only suitable for determining the value of openness from a use perspective, 
but also for determining the value of openness from a cultural perspective.  
Aggregation 
The procedure uses a bottom-up approach to measure openness for different modes of 
perception, starting at the lowest level from a single point of view, to a sequence of 
viewpoints, and finally to the view of an area. It is therefore capable of capturing different 
spatial extents. To aggregate values for the different modes of perception, we suggested 
certain types of statistical analyses (Chapter 2). However, a disadvantage of aggregating data 
may be that the linkage to the phenomenon that it originally represented gets lost. Problems 
with describing landscape characteristics for policy making are related to the scale at which 
the landscape is observed, measured, and analyzed. Wu and Li (2006) and Bierkens and Finke 
(2000) distinguish different kinds of scale at which a phenomenon can be described. They 
argue that there must be a correspondence between the intrinsic scale of the phenomenon and 
the policy scale at which policies are made effective. With the procedure that was developed 
in this thesis, it is possible to store information on perceived openness for large areas. In 
doing so, the results of this thesis offer possibilities to link the intrinsic scale of perceived 
landscape openness to the scale of policy makers, although further research is needed on how 
to aggregate the information to geographic units such as landscape types or administrative 
units.     
Versatile applications of visibility measurements  
Techniques for visibility measurements have not been a limiting factor for a description of 
openness, as there have been many techniques available. The research in this thesis has 
contributed to a wider use of isovist measurements. Two examples are considered here, the 
use in urban as well as non-urban areas, and the opportunity to calculate connectivity 
measurements based on perception. 
An isovist is typically applied to urban landscapes or architectural spaces, which are 
characterized by relatively small spaces with sharp boundaries, and a flat surface. For larger 
non-urban areas, a similar technique, the viewshed, is commonly used. The viewshed has the 
added advantage that it takes into account the variation in terrain height. However, viewshed 
does not calculate visible space, but the visible physical environment. It is raster-based and 
calculates the visible raster cells from a certain point of view. The isovist is vector based and 
calculates the visible area that can be overlooked. In the present research, the isovist was 
adjusted to measure the visible area that can be overlooked based on both a terrain height 
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model and a high resolution topographic dataset. Therefore it was possible to measure the 
visibility for every landscape type. The result for every viewpoint is a single isovist polygon 
from which numerous variables can be derived.  
Connectivity is a widely applied landscape characteristic in many disciplines such as 
landscape ecology and urban research. Space syntax is a methodology used for urban and 
architectural spaces, to analyze the connectivity based on a decomposition of open space into 
subspaces in order to analyze relationships between subspaces (Hillier and Hanson, 1984). 
The subspaces are created with axial lines (streets) or convex spaces (rooms). Although the 
spaces have more clear boundaries than non-urban spaces, there has been much criticism on 
the creation of subspaces (e.g. Batty and Rana, 2002). By combining the isovist technique and 
the Rank and Overlap elimination (ROPE) technique (Rana, 2005), the minimum number of 
isovists to overlook a whole area could be calculated (Chapter 3). These isovists then 
represented subspaces, which were based on perception rather than only spatial configuration. 
Based on these isovists, connectivity values could be derived, which can be used for various 
applications.  
Science, policy, and the public 
People typically describe their environment verbally. Verbal expressions are therefore 
commonly applied in landscape perception research. For instance, Kaplan and Kaplan (1989) 
describe the perceived landscape in terms of  the verbal constructs of coherence, legibility, 
complexity and mystery. However, Stamps (2004, 2005) has pointed out that the protocol of 
using verbal categories to describe environments does not generate reproducible findings. A 
literature review revealed that 91 percent of the verbal constructs used to describe 
environments were found only once (Stamps, 2005). This thesis has revealed that people use 
various verbal constructs to describe landscape openness, which implies that there is no 
agreement on the definition of openness (Chapter 1 and 5). Even if there were agreement 
about a definition, a verbal construct is not very useful in the policy-making, planning, and 
design domain. Eventually, policy makers need to address the term openness by locating 
physical landscape elements in physical space. The modeling of openness by calculating the 
visible space, as illustrated in this thesis, provides a clear, measurable, and spatially explicit 
description of openness that is reproducible.  
An additional advantage of a clear and straightforward description of openness in terms of 
physical features is that it facilitates communication with stakeholders or end-users.  
Unambiguous descriptions of openness can function as a common basis for various 
stakeholders, allowing integration and comparison. Openness is a landscape attribute which 
has been found to have common ground between the visual dimension and the ecological 
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dimension of the landscape (Fry et al., 2009). The procedure that was developed in the present 
research provides a means to identify possibilities for integrating these dimensions. The 
procedure can also be used to identify and visualize trade-offs between functions, make 
negotiations transparent and efficient, and develop strategies. For example, for tourists, the 
preferred degree of openness of an area may be a combination of enclosed and open areas 
because they appreciate variation, whereas certain animals may prefer more openness because 
this provides opportunities for foraging. The preferred degree of openness for different 
functions can thereby easily be compared, and advantages and disadvantages of certain 
changes in the landscape can be discussed. 
By using this procedure, the public can be involved in the process of assessing landscape 
qualities in two ways. First, people’s perception is included in the model, and this takes into 
account the public view better than traditional methods, which only consider physical 
landscape elements. Second, the transparency and flexibility of the procedure may stimulate 
the public to engage in the decision-making process. This is particularly relevant for today’s 
policy making, which aims to engage communities in spatial planning. The output from the 
procedure can serve as an input for participatory planning.  
Outlook 
The research described in this thesis gives rise to directions for future research and 
development. Important questions for further research are how to link the descriptions of 
openness to European landscape characteristics, how descriptions of openness for cultural 
landscapes can be developed, how to validate isovist measurements for different modes of 
perception, and how to apply isovist measurements to other landscape characteristics. Finally, 
some concluding comments on the policy maker as a landscape painter are made.  
European landscapes 
With the increasing influence of European law on national politics, it has become a priority to 
describe visual landscape characteristics at the European level. Meeus (1995) was one of the 
first to produce a European landscape map. This map, however, is rather inaccurate, partly 
due to a lack of high-resolution digital data and computer-supported data processing. 
Recently, LANMAP was developed, which is a landscape classification of Pan-Europe with 
four hierarchical levels using digital data on climate, altitude, parent material and land use as 
determinant factors (Mücher et al., 2010). The landscapes are classified by experts using a 
top-down approach. A need has been expressed to link these European top-down approaches 
with more perception-based bottom-up approaches (Pinto-Correia et al., 2006; Wascher, 
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2005). The present research provides a first step in establishing this link by developing a 
perception-based approach that produces measurable data. Future research may use these data 
to map measured degrees of perceived openness to culturally preferred degrees of openness 
for different European landscapes.  
Cultural landscapes 
Perceived landscape openness is presented in this thesis as a general phenomenon that 
transcends regional and cultural differences. This conception of perceived landscape openness 
implies that openness can be compared between various landscape types. However, openness 
is valued differently between cultural landscapes. According to long-standing views, cultural 
landscapes are shaped by a cultural group based on bio-physical landscapes (Mitchell, 2000; 
Sauer, 1925). The development of prototypical descriptions of characteristic degrees of 
perceived openness for cultural landscape types, combined with bio-physical landscape types 
such as those of LANMAP, is an interesting direction for further research. Openness 
manifests itself differently in different cultural landscapes, and the development of 
prototypical openness values for each landscape type could be used as a guide for plans and 
policies. Hypothetical relationships could be proposed between openness variables and, for 
instance, ‘bocages’, ‘montados’, and ‘polders’. Bocages are small, rectangular strips of land, 
each enclosed by hedgerows or low stone walls in a gently sloping landscape, located in for 
example in Bretagne and Normandy in France, and in South-West Scotland (Meeus, 1990). 
Characteristic values of perceived openness could be described by short lines of sight and 
strong variation in openness as one moves through the area. Prominent points of view with 
relative high visibility can be considered characteristic for such areas. Montados are tree-
covered pastures or savannah-like landscapes, located in Alentejo in Portugal and 
Extremadura in Spain (Meeus, 1990). Characteristic values of perceived openness for this 
landscape type could be characterized by high variation of the length of lines of sight for each 
view. There would be no prominent points of view, and low variation when moving. 
‘Polders’, as located in the North-West of Europe, are open landscapes with concentrations of 
rural and urban development, flat plains with long and straight ditches in which natural 
vegetation is almost absent (Meeus, 1990). Openness in this case is characterized by the size 
of the visible space, with only long lines of sight, and great distances to closest objects. In 
summary, future research may use the current procedure to define characteristic modes of 
perception and typical values of openness variables of different types of cultural landscapes. 
In turn, these prototypical descriptions of openness may be used by policy makers to monitor 
and evaluate the cultural identity of landscapes. 
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Validation of openness for modes of perception 
In the present research, isovist variables have been validated for individual points of view. 
Landscape openness is, however, mainly perceived as people move through an area. Further 
research is required to determine the relationship between isovist variables and the view of a 
person traveling along a road or roaming through an area. For example, landscape is 
perceived differently by pedestrians and by car drivers. Car drivers usually limit their visual 
experience because of their demanding tasks with high speed and intensive traffic. Compared 
to pedestrians their physical range of focus narrows and the length of focus increase, but only 
large and simple shapes can be perceived clearly (Garré et al., 2009; Parsons et al., 1998). 
Such differences probably affect the perception of openness, the perception of variation of 
openness, and prominent views with respect to openness. The correspondence of isovist 
variables would be tested with field judgments based on movements with different speed and 
different tasks. Among other things, such research may reveal if isovist variables and 
statistical analysis as proposed in this thesis are good predictors of the openness as perceived 
from different modes of perception, and the research may help to refine and expand model 
parameters.   
Development of other landscape characteristics 
Many spatial variables can be derived from an isovist, such as distance, size, and shape 
variables. A particularly promising avenue for future research would be to investigate the 
possibilities of using shape variables. Circularity, convexity or compactness of perceived 
space may further enhance the accuracy of openness descriptions based on distance or size 
variables. Such shape variables could be useful for distinguishing between openness and 
closely-related qualities such as spaciousness. Other spatial characteristics such as 
connectivity could also be determined, based on isovist measurements (Weitkamp, 2008). 
Some complex visual properties have been spatially described, but with the present procedure 
these descriptions could be refined and included in a systematic process. Mystery, for 
example, has been spatially described by Lynch and Gimblett (Lynch and Gimblett, 1992) 
who defined four variables of mystery: partial screening, distance of view, spatial definition, 
and physical accessibility. In the procedure presented, these could be translated into specific, 
measurable components. Partial screening is similar to occlusion, which is the ratio between 
the physical and non-physical boundaries of the isovist. Distance of view is similar to the 
closest object, which is the shortest radial of the isovist. Spatial definition is similar to a 
combination of variables, such as the circularity of the visible space, which is the ratio 
between the maximum line of sight and the average line of sight, combined with the average 
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radial of the isovist. Physical accessibility is similar to the connectivity of an isovist to other 
isovists, or the ratio of the actual visible viewpoints and the possible visible viewpoints.  
Concluding comments: ‘Paint by number’ 
Creating a painting is a challenge, especially when the painting should reflect public 
perception of the landscape. This thesis has provided a systematic procedure to support policy 
makers in creating a painting of landscape openness as perceived by the public. The present 
procedure draws the outlines of the painting, and now it is up to policy makers to fill in the 
painting with rich color shades and tones representing the multiple perspectives of landscape 
perception.  
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Summary 
People identify with landscapes and landscapes contribute to a sense of place and wellbeing.  
The landscape is therefore an important contributor to quality of life. New developments, such 
as urban and infrastructure projects and the expansion of large-scale agriculture, introduce 
many new elements into traditional landscapes, altering their visual appearance and perceived 
quality. These changes may have significant influences on people’s quality of life. In order to 
protect or enhance the visual landscape, changes in the visual landscape should be given 
explicit attention in landscape planning and policy making.  
Chapter 1 gives an overview of the important relationship between people and their 
environment which is fundamental for describing visual landscape characteristics. Landscape 
openness has been valued as a feature to predict preference and quality of landscapes. From 
the different kinds of models which are used to assess landscape quality, the psychophysical 
approach is often preferred because the model has been developed explicitly as a 
measurement model. It systematically relates perceived landscape quality to objective 
properties of the environment. However, these models are typically restricted to a particular 
landscape type and to a specific population. The developments of GIS and high resolution 
geo-data make it feasible to simulate peoples’ perception with visibility techniques.  
Simulations based on high resolution geo-data and visibility techniques should be tested 
for their correspondence with perception in the real world. Moreover the data should be 
accessible by policy makers. Therefore the following objectives were formulated: to develop a 
procedure to assess perceived landscape openness; to validate isovist measurements for the 
prediction of perceived landscape openness, and to evaluate the usefulness of the procedure 
developed for landscape policy makers. 
Chapter 2 describes the design a procedure for assessing landscape openness. The 
procedure aims to ensure the quality of descriptions of landscape openness while being 
flexible enough to produce descriptions suitable for various purposes. It includes a model 
which estimates the perceived openness based on the visible space. The visible space is 
calculated with radials from a point of view, which results in a visibility polygon, or isovist. 
Geo-data and a Geographic Information System (GIS) are used to develop the procedure, 
which consists of five steps: 1. Select road network and apply sampling strategy; 2. Merge 
terrain and topographic datasets and create contour lines; 3. Identify visual limitations; 4. 
Compute visible space; and 5. Select and calculate variables. The systematic procedure is 
applied to a case study to illustrate the possibilities. The balance between a high degree of 
realism and a high degree of generality ensures a procedure which can be used by policy 
makers and planners for a wide range of purposes at various levels. 
Summaries 
144 
Chapter 3 elaborates a more detailed study on different modes of perception which may 
affect perceived landscape openness. Three modes of landscape perception are proposed: 
view from a viewpoint, view from a road, and view of an area. Three sampling methods to 
calculate visibility measures simulate these modes of perception. The Rank and OverlaP 
Elimination (ROPE) sampling method selects the minimum number of points to cover all 
space, and was used to simulate the openness from a point. The road sampling method 
generated a sequence of openness variable values, which is important for obtaining 
information about variation in the landscape when moving. The grid point sampling method 
can provide a high number of viewpoints covering the whole area, which enables to show 
openness patterns and the characteristics of transitions between open and enclosed areas.  
We compared the results of the three sampling methods for two study areas in the 
Netherlands. The visibility values for the study areas reveal differences between the sampling 
methods, which indicate that a different degree of openness is perceived from the three modes 
of perception. Combining the results of the three methods is expected to be useful for 
describing various facets of landscape perception by specifying what people perceive in the 
landscape (visibility) and how they perceive it. 
Chapter 4 contemplates the validation of the use of isovist measurements for describing 
perceived landscape openness. Three isovist variables were selected to measure openness: the 
minimum radial, the maximum radial and the average radial. Three experiments were 
conducted to compare values of these variables with perceived openness. In the first 
experiment, 32 participants rated perceived openness in the field; in the second experiment, 
the 32 participants estimated perceived openness from a 3-D model; and in the third 
experiment, three isovist variables were measured in the field using a laser scanner. 
Comparison of the isovist values that were calculated from the topographic dataset with the 
ratings and measurements from the experiments showed that two variables, the maximum 
radial and average radial, explained most of the variation in perceived openness both at the 
group and individual levels. The three variables were very similar to their perceived 
equivalents, except at very long distances. The topographic dataset which was used to 
calculate isovists produced results that were similar to the laser scanner measurements in real 
world spaces, with a few exceptions for some particular elements. 
Chapter 5 considers the evaluation of the usefulness of the procedure to policy-making. 
To this end, we organized a workshop which was attended by eight Dutch policy makers. We 
used the Group Decision Room technique to elicit the policy makers’ evaluations of the 
procedure in an anonymous and reliable manner. The procedure was presented to the policy 
makers using cases from their own regions, which they evaluated using a mixture of 
qualitative and quantitative methods. The results show that policy makers rated the procedure 
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as being highly relevant to policy making, scientifically credible, usable by policy makers and 
feasible to implement in the policy making process. They especially appreciated the flexibility 
and transparency of the procedure. However, the policy makers requested guidelines for 
proper implementation of the various options in the procedure. They concluded that the 
procedure would be of most value for monitoring landscape changes and for analysing 
impacts on landscape openness in land use scenario studies. Further research concerns the 
extension of the procedure to the European level, and to other landscape characteristics. In 
general, the evaluation study showed that explicit evaluations of the usefulness of GIS-based 
tools can aid integration at the science–policy interface. 
Chapter 6 argues on the basis of the findings in the preceding chapters that the systematic 
GIS-based procedure for measuring landscape openness takes advantage of both the 
objectivist, expert-based approach and the subjectivist, perception-based approach. From the 
perspective of human perception, an important limitation of the procedure is that it is 
restricted to calculating visible space, and not includes space as it is seen by people. What is 
seen not only depends on human vision and modes of perception, but also on other 
dimensions such as cultural values and personal learning experiences. Openness manifests 
itself differently in different cultural landscapes, and the development of prototypical 
openness values for each landscape type could be used as a guide for plans and policies. At 
the European level landscapes are typically classified by experts using a top-down approach. 
A need has been expressed to link these European top-down approaches with more 
perception-based bottom-up approaches. The present research provides a first step in 
establishing this link by developing a perception-based approach that produces measurable 
data. Further recommendations for future research are that it should answer questions such as 
how to validate isovist measurements for different modes of perception, and how to apply 
isovist measurements to other landscape characteristics. 
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Samenvatting 
Mensen identificeren zich met landschappen en landschappen dragen bij aan verbondenheid 
met de leefomgeving en welzijn. Het landschap levert daarom een belangrijke bijdrage aan de 
kwaliteit van leven. Nieuwe ontwikkelingen, zoals stedelijke en infrastructurele projecten en 
de uitbreiding van grootschalige landbouw introduceren veel nieuwe elementen in traditionele 
landschappen die de visuele kwaliteit veranderen. Deze veranderingen kunnen aanzienlijke 
invloed hebben op de kwaliteit van leven. Om het visuele landschap te beschermen of te 
verbeteren, moeten veranderingen van visuele landschappen expliciet aandacht krijgen in 
landschapsplanning en beleid.  
Hoofdstuk 1 geeft een overzicht van de relatie tussen mensen en hun omgeving, welke 
fundamenteel is voor het beschrijven van visuele landschapskarakteristieken. Openheid van 
het landschap is gewaardeerd als een kenmerk om de voorkeur voor en de kwaliteit van 
landschappen te voorspellen. Van de verschillende modellen die worden gebruikt om de 
kwaliteit van het landschap te beoordelen wordt de voorkeur vaak gegeven aan de 
psychofysische modellen, omdat deze modellen expliciet zijn ontwikkeld als een meetmodel. 
Het relateert waargenomen landschapskwaliteit systematisch met objectieve eigenschappen 
van de omgeving. Deze modellen zijn doorgaans echter beperkt tot een specifiek 
landschapstype en tot een specifieke populatie. De ontwikkelingen van GIS en hoge resolutie 
geodata maken het mogelijk om waarnemingen van mensen te simuleren met zichtbaarheid 
technieken. 
Simulaties gebaseerd op hoge resolutie geodata en zichtbaarheid technieken moeten 
worden getest op de overeenkomsten met perceptie in de echte wereld. Bovendien moeten de 
simulaties toegankelijk zijn voor beleidsmakers. De volgende doelstellingen zijn daarom 
geformuleerd: het ontwikkelen van een procedure om de waargenomen openheid van het 
landschap te beoordelen, het valideren van isovist metingen als indicator van de waargenomen 
openheid van het landschap, en het evalueren van de bruikbaarheid van de procedure voor 
beleidsmakers.  
Hoofdstuk 2 beschrijft het ontwerp van een procedure voor de beoordeling van 
landschappelijke openheid. De procedure heeft tot doel de kwaliteit van de beschrijvingen van 
openheid van het landschap te waarborgen welke tegelijkertijd flexibel genoeg is om 
beschrijvingen te maken die geschikt zijn voor diverse doeleinden. De procedure bevat een 
model die een schatting doet van de waargenomen openheid op basis van de zichtbare ruimte. 
De zichtbare ruimte wordt berekend met radialen vanuit een zichtpunt, die resulteert in een 
zichtbaarheid-polygoon of isovist. Geodata en Geografische Informatie Systemen (GIS) 
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worden gebruikt om de procedure te ontwikkelen. Deze bestaat uit vijf stappen: 1. Selecteer 
wegennet en pas steekproef strategie toe; 2. Samenvoegen van terrein en topografische 
datasets, en creëren van contour lijnen; 3. Identificeren van visuele beperkingen; 4. Berekenen 
van de zichtbare ruimte; en 5. Het selecteren en berekenen van variabelen. Deze 
systematische procedure is toegepast op een case studie om de mogelijkheden van de 
procedure te illustreren. De balans tussen een hoge mate van realisme en algemene 
toepasbaarheid zorgt voor een procedure die gebruikt kan worden door beleidsmakers voor 
een breed scala aan doelstellingen op verschillende niveaus.  
Hoofdstuk 3 werkt een detailstudie uit over verschillende manieren van waarnemen die de 
openheid van het landschap kunnen beïnvloeden. Er worden drie manieren van waarnemen 
voorgesteld: zicht vanaf een punt, zicht vanaf een route, en zicht van een gebied. Drie 
steekproef methoden worden gebruikt om deze manieren van waarnemen te simuleren. De 
Rank and OverlaP Elimination (ROPE) steekproef selecteert het minimale aantal punten dat 
nodig is om alle ruimtes waar te nemen. Deze methode is gebruikt om de openheid vanaf een 
punt te simuleren. De steekproef voor routes genereert een sequentie van waarden voor 
openheid. Dit is van belang voor het verkrijgen van informatie over de variatie van openheid 
die waargenomen wordt tijdens beweging. De grid steekproef kan een groot aantal 
zichtpunten leveren die een heel gebied bedekt. Dit maakt het mogelijk om patronen en 
karakteristieke transities tussen verscheidene maten van openheid in beeld te brengen.  
De resultaten van de drie steekproef methoden werden vergeleken voor twee studie 
gebieden in Nederland. De zichtbaarheidwaarden voor de twee studiegebieden laten 
verschillen zien tussen de steekproef methoden. Dit wijst er op dat er verschillende maten van 
openheid wordt waargenomen door de verschillende manieren van waarnemen. Het 
combineren van de resultaten van de drie methoden is nuttig om verschillende facetten van 
landschapsperceptie te beschrijven door te specificeren wat mensen waarnemen en hoe ze het 
waarnemen.  
Hoofdstuk 4 beschrijft de validatie van isovist metingen om waargenomen openheid van 
het landschap te beschrijven. Drie isovist variabelen werden geselecteerd om openheid te 
meten: de minimale radiaal, de maximale radiaal en de gemiddelde radiaal. Drie experimenten 
werden uitgevoerd om de waarden van deze variabelen te vergelijken met waargenomen 
openheid. In het eerste experiment gaven de 32 deelnemers waarderingen voor openheid in 
het veld; In het tweede experiment schatten de deelnemers de openheid op basis van een 3D 
model; en in het derde experiment werden de drie isovist variabelen berekend op basis van 
metingen in het veld met een laser scanner. De vergelijking van de isovist waarden die 
werden berekend op basis van topografische data met waarderingen en metingen van de 
experimenten laten zien dat twee variabelen, de maximale radiaal en de gemiddelde radiaal, 
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het grootste deel van de variatie van openheid verklaren, op zowel individueel als 
groepsniveau. De drie variabelen waren vrijwel gelijk aan hun waargenomen equivalent, 
behalve voor zeer lange afstanden. De topografische dataset die was gebruikt om isovists te 
berekenen gaf vergelijkbare resultaten ten opzichte van de metingen met de laser scanner in 
het veld, een enkele uitzondering daargelaten. 
Hoofdstuk 5 beschrijft de evaluatie van de procedure over de bruikbaarheid voor 
beleidsmakers. Hiervoor werd een workshop georganiseerd waar acht Nederlandse 
beleidsmakers aan deelnamen. We gebruikten de Group Decision Room techniek om de 
evaluaties van de procedures van de beleidsmakers anoniem en op een betrouwbare manier te 
verkrijgen. De procedure werd gepresenteerd met behulp van cases uit de regio’s van de 
deelnemende beleidsmakers. De evaluatie was een mix van kwantitatieve en kwalitatieve 
methoden. De resultaten laten zien dat beleidsmakers de procedure zeer relevant vonden voor 
het maken van beleid, wetenschappelijk betrouwbaar, bruikbaar voor beleidsmakers en 
haalbaar om te implementeren in het proces van beleid maken. De beleidsmakers 
apprecieerden de flexibiliteit en transparantie van de procedure in het bijzonder. De 
beleidsmakers wilden graag richtlijnen voor een goede toepassing van de verschillende opties 
binnen de procedure. Ze concludeerden dat de procedure het meest geschikt zou zijn voor het 
monitoren van landschapsveranderingen en voor het analyseren van de impact van scenario’s 
voor de openheid van het landschap. Verder onderzoek heeft betrekking op de uitbreiding van 
de procedure naar Europees niveau, en een uitbreiding naar andere 
landschapskarakteristieken. De evaluatie van de procedure illustreerde dat expliciete 
evaluaties van bruikbaarheid van GIS gebaseerde instrumenten de integratie tussen 
wetenschap en beleid kan bevorderen.  
Hoofdstuk 6 stelt op basis van de bevindingen in de voorgaande hoofdstukken dat de 
systematische GIS-gebaseerde procedure voor het meten van de openheid van het landschap 
gebruik maakt van zowel de objectivistische expert benadering alsook de subjectivistische 
perceptie gebaseerde aanpak. Vanuit het perspectief van de menselijke waarneming is een 
beperking van de procedure het berekenen van de zichtbare ruimte in plaats van het berekenen 
van de ruimte die daadwerkelijk gezien wordt. Deze hangt niet alleen af van biofysische 
zichtkenmerken en de drie manieren van waarnemen, maar ook van andere dimensies zoals 
culturele waarden en persoonlijke leerervaringen. Openheid manifesteert zich anders in 
verschillende culturele landschappen en de ontwikkeling van prototypes voor openheid voor 
elk landschapstype kunnen worden gebruikt als richtlijn voor planning en beleid. Op 
Europees niveau worden landschappen doorgaans geclassificeerd door experts met behulp van 
een top-down benadering. Er is behoefte aan een koppeling tussen deze Europese top-down 
aanpak en de perceptiegebaseerde bottom-up benadering. Dit onderzoek biedt een eerste stap 
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in het tot stand brengen van deze koppeling door het ontwikkelen van een perceptie 
gebaseerde benadering die meetbare gegevens produceert. Verdere aanbevelingen voor 
toekomstig onderzoek zijn antwoorden op vragen als hoe isovist metingen te valideren voor 
de verschillende manieren van waarnemen, en hoe de isovist metingen van toepassing kunnen 
zijn op andere landschapskarakteristieken.  
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